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The search for methods of assigning stereochemistry 
has long been a subject of interest and concern. Therefore, 
the development of empirical rules of optical rotation xdiich 
could indicate configuration of asymmetric centers was re­
ceived with enthusiasm and in turn generated increased in­
terest in optical properties of compounds, however, in spite 
of the considerable experimental investigations into the re­
lationship between the specific or molar rotation and chemi­
cal structures, very few general rules have been derived.
The basic concept for all of these rules is that of 
the principle of "optical superposition," which was first pro 
posed by J. II. van11 boff in IO9J-! • The rotatory power of a 
substance is, according to the principle, the algebraic sum 
of the contribution of each separate asymmetric carbon atom, 
the value of which is a definite amount and is independent of 
the configuration of the other atoms.
In 1909, 9. S. Hudson proposed his now famous "iso­
rotation r u l e s " , ^ These rules represent an advance on van’t 
hoff's principles of superposition, particularly In regard 
to their wider applicability. These rules are still frequent 
ly used in the determination of anomeric configuration and in 
some cases to determine ring size.
C. S. Hudson published his most significant "lactone 
rule of rotation"3 in the following year. He observed in his 
work with aldonic acids that the configuration of an aldonic
2acid determined the rotation of the derived lactone. This 
rule was one of the earliest generalizations of configuration 
and optical properties and was inferred from very extensive 
data. In its simplest form the rule states that "the ^-lac­
tone derived from an aldonic acid will be strongly dextroro­
tatory if the f'-hydroxy group that engages in lactone form­
ation is on the right of the Rischer projection of the aldonic 
acid". As an example, lactone I should have a more positive 
rotation than lactone II. This rule was later extended to in­
clude amides-* and phenylhydrazides. 7
0=C-------- 1 I--- C=0
(c h2 ) 2 0 6 (c h2 )2




In 19l|2 N. li. Richtmyer and C. S. Hudson observed an 
empirical correlation between the sign of rotation and con­
figuration of the benzimidazole derivatives. The benzimid- 
azole rule states® that "whenever the hydroxyl group on the 
second carbon atom of an aldonic acid is written on the right 
in the conventional projection formula, the rotation of the 
derived benzimidazole is positive and, conversely, x^hen the 
hydroxyl is written on the left, the rotation of the benzimid­
azole is negative." This correlation between sign of rotation 
and configuration appears to hold true irrespective of the con-
3figuration of other asymmetric centers in the molecule.
The benzimidazole rule allows one to discern the con­
figuration of the first h y d r o x y l  rpoup of reducing sugars by 
converting them to benzimidazole derivatives (lig.l) and ob­
serving t.’ .i.0 S X gn of rotation at the sodium D-line. The rule 
has been of great value in elucidating C-2 stereochemistry of 
new sugars, especially the synthetic heptoses prepared by hy- 
drogen cyanide addition to hexosos, in which case, two epiraer- 
ic heptoses are obtained. Hudson's benzimidazole rule is
r* q
known to vivo the correct prediction in 31 test cases.")'
Turing the development of this thesis, Ilhaclem-*-® and 
Hills-*"*- extended the benzimidazole rule by formulating a cor­
responding "phenyl osotriazole rule." This rule again relates 
configuration with the sign of rotation at the sodium I-line. 
It states that "when the hydroxyl group attached to 0-3 of the 
sugar residue is to the ri"ht in the Hischor projection formu­
la, the sign of rotation of the derived osotriazole is posi-
12 1 ^tive, and. when to the left, it is negative." ' * This rule 
has since been generalized to correlate the sign of rotation 
with the configuration of the asymmetric carbon atom adjacent 
to a heterocyclic or aromatic ring.-X
Although these rules are strictly empirical correla­
tion of rotation at a single wavelength (p°? mp) with config­
uration at a single asymmetric center, no known execution to 
them has as yet boon reported. Extension of the rules to pre­
dict the configuration of aditiono.l centers of asymmetry in 
the molecule has shown that the contributions to the rotation 
of the centers are not strictly additive, as would be assumed
fron van1t ."off* s principle, but that considerations of po- 
larizal ilitylh and conformational^^ factors are vital to the 
success of the calculations.
The "benzimidasolG rule", together with the "phenyl 
osotriazole rule", both of which correlate sign of rotation 
viitli conf iruration of a hydroxyl •-rour, 'malic it nos sib lo by«.< t' < x * x ts
their separate and collective use to assign the configuration 
and C-3 positions of a reducing sugar (Tig, 1 & 2).
V (+)-Rotation
Tig. 1. Assignment of Configuration at C-? of a Reduc­
ing Sugar
Ill VI VII (-)-Rotation
?ig. 2, Assignment of Configuration at C-3 of a Reduc­
ing Sugar.
It seemed desirable to examine these sugar derivatives 
with the view of correlating the configuration with the optical 
rotatory dispersion (O.R.D.) curve. As Djerassi^-? pointed out, 
"Configurational assignments based on rotations obtained at the 
D-line are at times equivocal or even impossible, especially 
when a plain dispersion curve crosses the zero rotation line 
somewhere below 589 mp. This change in sign is, of course, not 
known to the experimentalist relying only on a measurement of 
and several such examples have been encountered by 
Sjoberg,!® who demonstrated the utility of plain dispersion 
curves for settling certain configurational relationship.."
It was felt that such an investigation would allow one 
to ascertain if the correlation of sign of rotation and config­
uration observed at the sodium D-line reflects the sign of an 
anticipated Cotton effect in the O.R.D. Since the 2-phenyl-
62,1,3-triazoles have an aromatic system which absorbs at ap­
proximately 268 mji, this class of compounds should produce Cot­
ton effects at accessible wavelengths in the O.R.D. due to a 
weak absorption band in an asymmetric environment. It was fur­
ther hoped that a detailed study of the optical rotation of 
the 2-phenyl-2 , l,3-tr*iazoles of the complete aldo sugar family 
could produce some further correlations between strength of 
rotation and configuration of secondary alcohols as vrell as 
information on the partial rotation of secondary hydroxyl 
groups at varying distances from a chromophoric group and in 
differing conformational environments. This latter comparison 
was suggested by J. A. Hills in a communication-*--*- published dur­
ing the course of this investigation. In this communication 
he stated: "Attempts to correlate the magnitude of rotation
of lactones and 2-(polyhydroxyalkyl)-benziminazoles with the 
configuration at several contiguous asymmetric centers have 
been partially successful, and the rotations of the benzimin­
azoles show a trend broadly similar to that shown by the 
phenylosotriazoles. The latter are, however, the only acyclic 
derivatives of sugars that show such wide differences between 
the molecular rotations of different configurational groups.
The main reason for this may merely be that pyridine has been 
the preferred solvent for phenylosotriazoles, whereas water 
has normally been used for obtaining the rotations of the other 
derivatives. It is very desirable that more extensive data 
should be provided for the optical rotatory properties of all 
these derivatives in several solvents, because of the practi­
cal value of more precise configurational deductions, and con­
7tributions that might be made to theories of conformational 
analysis and optical rotatory power. The rotations of the 2- 
(polyhydroxyalkyl)quinoxalines derived from reducing sugars 
may also be a source of configurational correlations when more 
data are available."
To determine information on the partial rotation of 
secondary hydroxyl groups it would be necessary to assume the 
existence of some sort of additivity relationship in optical 
rotation. In reference to this Djerassi^ stated: "Until now,
it has been difficult to inquire into the extent of validity 
of such an assumption, numerical values of individual rota­
tional strengths do, however, provide the proper criterion for 
such an investigation, and it is in this broad sense that the 
concept of the rotational strength may play its most important 
role. First, it opens up the possibility of a reliable set of 
empirical rules for the structural chemist, and second, the 
theoretician will at last have an experimental guide with which 
to test his hypotheses of the intramolecular interactions that 
affect optical activity." The synthesis of these aryl-substi­
tuted polyhydroxylated compounds in a systematic manner would 
permit a relatively complete analysis of the physical and op­
tical properties of the 2-phenyl-2,1,3-triazoles of all of the 
members of the aldotetrose, aldopentose, and aldohexose fami­
lies and could lead to correlation between stereochemistry and 
strength of rotation in the O.R.D. Such correlations could be 




The current investigation involves the systematic 
study of the optical and physical properties of an aryl- 
substituted polyhydroxy system. The investigation was ex­
pected to lead to a correlation between the stereochemistry 
and strength of rotation of polyhydroxv systems. To accom­
plish this end, the Ti-aldo sugar family as shown in Fig. 3 
was chosen as the polyhydroxy moiety. It was then necessary 
to decide upon a convenient aryl derivative for this system. 
A literature search for such an aryl substituent produced 


















In 193U» Ohle^O obtained a quinoxaline derivative 
of an aldo sugar by the direct combination of ortho-phenylene- 
diamine (IV) with F-glucose (VIII) yielding 2-(F-arabino-tetra- 
hydroxybutyl)quinoxaline (IX). This aromatic derivative was 



























































































































































features made the quinoxaline derivatives desirable for the 
aromatic moiety for this investigation.
In the initial study of this reaction, it was observed 
that many of the quinoxaline compounds were produced in low 
yield along with a substantial quantity of other side reaction 
products, presumed to be the compounds indicated in fig. i|• 
Since separation of the quinoxaline derivatives from the side 
products was not possible by crystallisation, a more desirable 
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During the course of their work with aldonic acids,
I-Iann and Hudson found that a satisfactory procedure for con­
verting phenylhydrazides of aldonic acids was possible by de­
composing the phenylhydrazide in hot aqueous copper sulfate
reaction appeared to be a quantitative one. These investiga­
tors next tested the action of aqueous copper sulfate on the 
phenylosazones of the aldo sugars. However, unlike the hydra- 
zides, the sugar osazones such as X were cyclized to the cor­
responding 2-phenyl-2,1,3-triazole derivative XI and aniline
solution to the free sugar acid, nitrogen, and benzene. ^  The
IIO-C-H aqueous HO-C-H +
H-C -OH CuSOj C -OH
H-C-OH H-C-OH
c h2oh c h2o h
X XI XII
Hann and Hudson based their structural assignments 
on the fact that the product XI had a molecular formula of 
G12H15^3<\  wJri^ cil differed from the formula of the starting
12
osazone X by C.IhJf, The product gave a tetraacetate and a 
6 /
tetrabenzoate both of which could be hydrolyzed with mineral 
acid to the starting 2-phenyl-2,l,3-triazole, thus indicating 
the presence of four hydroxyl groups, When one mole of the 
free material was oxidized with sodium metaperiodate, three 
moles of periodate were consumed with the production of one 
mole of formaldehyde, two moles of formic acid and one mole 
of a white crystalline material which was found to be an alde­
hyde, The compound was compared with 2-phenyl-Ii.-form.yl-2,1,3- 
triazole (XIII) which was first prepared in 1891 by von Pech- 
mann,^3 from mesoxaldehyde-l-/3-acetyloxime (XV). The compounds 
were found to be identical, thus indicating that the osazone 
had been cyclized into a 2-phenyl-2,1,3-triazole ring system.
H -C =N
3 I'TalOj, .  C = N ' p- - - - - - - - - -  — ^  j
2  HCOgTT + ECHO
H O -C -H +
H -C = 0 3 N a lO ,  + II—0 
k 2
XI XIII XIV
H-C=N(OAc) H -C = N (O A c ) H-C=Kv
c=o 11,-/ ^  2— 6-5 — ^ C = N -N H -C ,H _  Alkali| 6 5---
H -C = N -O H H-C=N-OI-I H -C =N -O H
XV XIV XVII
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All of the 2-phenyl-2,1,3-triazole derivatives, when
subjected to sodium metaperiodate oxidation gave 2-phenyl-l|.- 
formyl-2,1,3-triazole with modifications of the other oxidative 
by-products depending upon the number of hydroxyl groups.
Mechanism of Osotriazole Derivative Formation
Hann and Hudson proposed a mechanism for this reaction
21 22
in which the copper ion formed a complex with the osazone. * 
This was evidenced by the production of a red color upon the 
addition of copper ions to the osazone which faded as the for­
mation of the 2-phenyl-2,1,3-triazole derivative proceeded.
The copper ion presumably complexes with the TT-system of the 
osazone, and in so doing holds the two bulky phenylhydrazine 
groups in one plane and cis with each other. This would be 
in contrast to the more desirable trans configuration which 
they would presumably b.e in if they were not coordinated with 
the copper ion (fig. f?). This planer cis configuration of 
the phenylhydrazine moiety thus allows for the elimination 
of aniline from the osazone with the production of a highly 
resonance stabilized 2-phenyl-2,1,3-triazole ring. It has 
been shown that copper readily forms complexes with semicar- 
bazones^' and h y d r a z o n e s , 2 5 >  thus offering further support for 
the complexing of copper with the osazone.
Fig. £. Complexing of the Copper Ion With an Osazone
Ik
Hann and Hudson^ also noted the precipitation of a 
small portion of copper as cuprous oxide which they attributed 
to reductive side reactions. Subsequent work showed that 
ferric chloride, ferric sulfate, and potassium ferricyanide, 
all of which contain iron ( III') cause 2-phenyl-2,1,3-triazole 
formation. However, ferrous chloride, ferrous sulfate, and 
potassium ferrocyanide, all of which contain iron('II'.), fail 
to cause 2-phenyl-2,1,3-triazole formation. The authors stated 
that these results showed that an oxidizing agent was necessary, 
thus indicating that an oxidation is involved in at least one
step of the mechanism.26,27>28
The second question involved in the mechanism of the
2-phenyl-2,1,3-triazole formation was whether aniline was 
removed from the hydrazone residue of C-l or C-2. This ques­
tion was solved independently by Weygaud29an(j Henseke.30 
Weygaud examined the question by using the p-bromophenylosa- 
sones. When they were treated with laToele<3. (p-bromo-
phenyl)hydrazine, the transhydrazination^ proceeded unequal­
ly, such that most of the label appeared on C-l (Fig. 6 ). 
Cleavage of this transhydrazinated (p-bromophenyl)hydrazo tie 
showed that 23% of the label was on C-2. When the unequally 
labeled osazone was subjected to 2-phenyl-2,1,3-triazole for­
mation, it was found that only lQ>% of the label remained, in­
dicating that the C-l hydrazone residue had been eliminated. 
Henseke and co-workers-^ also obtained similar results by the 
use of mixed substituted osazones.
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(77/" of Label) 
(23;' of Label)
(18^ of LabeL)
Pig. 6 . ' Study of Cyclization Kechanism
The conclusion is, therefore, inescapable that the 
conversion of osazones into 2-phenyl-2,l,3-triazole deriva­
tives involves an oxidation, at least at one stage of the 
reaction, and complexes of the metal ion with the osazone 
may also be involved. The exact mechanism of this cyclization, 
however, is still uncertain.
The 2-phenyl-2,1,3-triazole derivatives are colorless, 
crystalline compounds with sharp melting points. They are 
very stable toward strong oxidizing agents, concentrated alk­
alis or acids and exhibit no mutarotation. This system has a 
strong absorption in the 260-270 mp region of the ultraviolet 
and, therefore, should produce Cotton effects at an accessible 
•wavelength in the O.K.D. Although the preparation of the 2- 
phenyl-2,1,3-triazole derivatives from the aldo sugar family 
requires an additional step over that of the quinoxaline de-
Br
J 1 82H-C=1T-1TH-V= / H-C=1T-NII-^ J/-3r
| .r. :• W - * h
(inOH)n ------ - = " > ,  ( p n )n '








rivatives, the overall yield of their preparation was reported 
to be much higher and the products were less contaminated with 
side products thus indicating the desirability of these deriv­
atives. ,
Nomenclature of Derivatives
The current investigation involved the synthesis of 
the 2-phenyl-2,1,3-triazole derivatives (Fig. 7) of the D- 
aldo sugar family. Due to the expense of D-arabinose and 
D-gulose, however, L-arabinose and L-sorbose (L-sorbose being 
the conjugate of L-gulose in the keto sugar family) were used 
as the starting sugars for preparing these two respective 2- 
phenyl-2,1,3-triazole derivatives. Thus, L-enantiomers will 
be designated by a L after the compound number. For example 
2-phenyl-b.-( D-erythrose-trihydroxypropyl) -2,1,3-triazole* s 
number is XXI and its L-enantioner will be XXI-L. Also, when 
referring to the 2-phenyl-2,1,3-triazole derivatives, they 
will be called by their common names (which in most cases is 
the name of the sugar from which the osazone was prepared) in­
stead of the systematic name. When the compound is mentioned, 
the number assigned to the common name (corresponding to the 
systematic name used in the experimental section) will also be 
given. Therefore, for example, 2-phenyl-Ip-(D-arabino-tetra- 
hydroxybutyl)-2,1,3-triazole which was prepared from D-glucose 
will be referred to in this dissertation as D-glucose osotri- 
azole (XI) and that of 2-phenyl-lp-(L-orythro-trihydroxypropyl)- 
2,1,3-triazole xdhich was prepared from L-arabinose will be 
named L-arabinose osotriazole (XXI-L).
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Pig. 7* Osotriazole Derivatives of the D-Aldo Sugar Family
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Mechanism of Osazone Formation
The first step In making the osotriazole is to make 
the phenylosazone derivative of the aldo sugar. Osazones are 
usually p r e p a r e d 3 2  the action of three molar equivalents 
of hydrazine (or its hydrochloride).on one mole of the car­
bohydrate in aqueous acetic acid (or sodium acetate). F i s c h e r - ^  
described the steps leading to the osazone as occurring in 
three parts: (1) the formation of a phenylhydrazone XXVII
from the aldose, (2 ) the oxidation of the phenylhydrazone with 
a second mole of phenylhydrazine to XXVIII, (3) the reaction 
of XX.VIIT with a third molecule of phenylhydrazine to form the 
osazone.
h- OH — II-C-OH --- £-5----
| -h2o | -C£!I3"H2
R R - H H ^  ^
XVI XXVII
H-C=R-ITH-CaH* H-C^N-JTH-C/H,-
I 6  5  C6 Hc;NHNH I 6 *
5=0  !2--—  ^ ---->  c=n -m h -c ai v
I -^2° | 6 *
R R
XXVIII XXIX
Since the second step in the formation of the osazones 
involves oxidation of C-2 and thus destroys the asymmetric cen­
ter, epimeric carbohydrates will produce the same phenylosazone.
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For example, both D-mannose (XXX) and H-glucose (VIII) yield 
osazone X. The same osazone was also formed from D-fructose 
(XXX.I), thus indicating that the conjugate carbohydrate in 
the iceto sugar family also produces the same osazone. The 
structural formulas for the osazone derivatives are shown in 
Fig. 8 . The names of the two aldo sugars and one keto sugar 
from which each osazone is derived are given in Table I.
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Pig. 8. Osazone Derivatives of the D-Aldo Sugar Family
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TABLE I
Relationship of Sugars to Derived Osotriazoles
Osazone':": D-Aldo Sugars D-Ketose Sugars
from which from which from which
Osotriazole Osazone Osazone
Qsotriazole* Hay he Prepared Hay be Prepared Hay be Prepared
XVIII XXXII D-Allose D-Allulose
D-Altrose
XI X D-Glucose D-Fructose
D-Mannose
XIX XXXIII D-Gulose D-Sorbose
D-Idose
XX XXXIV D-Galactose D-Tagatose
D-Talose
XXI XXXV D—Arabinose D-Ribulose
D-Ribose
XXII XXXVI D-Xylose D-Xylulose
D-Lyxose
XXIII XXXVII D-Erythrose D-Erythriilose
D-Threose
XXIV XXXVIII D-Glyceraldehyde Dihydroxyacetone
-::-For structures of osotriazoles see Fig. 7« 
•”-::-For structures of osazones see Fig. 8 . 
-::-;:-::-For structures of D-aldo sugars see Fig. 3.
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The ITature of the Osazone Intermediate
Fieser^'r suggested, on theoretical grounds, that osa­
zones exist in tautomeric, chelated forms which stabilize 
these unsaturated compounds and prevent the reaction of hydra, 
sines with carbohydrates from proceeding beyond C-2 (Fig. 9).
i i ■ - > ii trw t.t r. T^T.
I?
Fig. 9. Fieser’s Tautomeric, Chelated ."orras of Osazones
0. L. Chapman has presented evidence which shows 
that there exists an equilibrium between a non-chelated struc­
ture XL, which is stabilized, by hydrogen bonding to the sol­
ve nt^  and. a chelated structure XLI, which is stabilized by 
intramolecular hydrogen bonding. This equilibrium between 
structures XL and XLI is dependent upon the size of the R group 
and on the strength of the hydrogen bonding of the solvent.
The author further presents evidence as to the lack of aromat- 
icity of this chelated structure due to the absence of a ring 
current, and concludes by saying: "The major portion of the
stabilization of the chelate form (which is still small) in 
poor hydrogen bonding solvents thus is primarily cue to the 
chelate hydrogen bond and not to a substantial difference in 
7T- electron delocalization energies in the two isomers."
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The preparation of the osazones was effected as pre­
viously indicated by the direct combination of the aldo sug­
ar with phenylhydrazine hydrochloride in a sodium acetate 
solution. It was found, however, that the yield could be in­
creased by preparing the sodium bisulfite addition product of 
the aldehyde and then proceeding as above.
In all cases prolonged contact of the osazone with the 
reaction mixture produced substantial decomposition of the osa­
zone. It was, therefore, necessary to separate the precipitate 
by filtration shortly after the reaction was complete and wash 
it very well with acetic acid and water to remove all traces of 
unreacted phenylhydrazine. The best procedure found was to 
wash the osazone and recrystallize it immediately before allow­
ing it to dry.
In the case of L-arabinose osazone (XXXV-L), this de­
composition from contact of the osazone with phenylhydrazine 
was so rapid that the osazone could not be collected. To cor­
21+
rect this problem the osazone was prepared, as a solution.
Methyl cellosolve was found to be an excellent solvent for 
this preparation as it meets the three necessary require­
ments, namely: (1 ) the starting materials are soluble in
methyl cellosolve; (2 ) the final product is soluble in meth­
yl cellosolve; (3 ) methyl cellosolve is miscible with water 
and the osazone is water insoluble, therefore the product 
can be easily precipitated by the addition of water to the 
mixture. This technique was found to be very successful for 
both L-arabinose osazone (PXXV-L) and glyoxal osazone (XXXIX).
Due to the expense of erythrose and throose an indi­
rect procedure for obtaining the osazone of these tetroses
*3 /
was undertaken. It was observed in the literature--'0 that when 
starch is oxidized with sodium metaperiodate, the glyoxal link­
ages are oxidized to oxystarch which readily hydrolyzes to al­
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Pig. 10. Oxidative Cleavage of the C-lyoxal Linkages of 
Starch
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YJhen potato starch was subjected, to the above oxida­
tive degradation followed by hydrolysis with acetic acid in 
the presence of phenylhydrazine, components of the degraded 
linkage were D-erythrose phenylosazone (XXXVII) and glyoxal 
phenylosazone (XXXIX) along with some ^-acetyl phenylhydra­
zine (XLIV). The latter compound was produced from the re­
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XLIV
These components can be separated on a neutral alumina 
column to obtain the free D-erythrose phenylosazone (Hil'VII) 
or the mixture can be subjected to osotriazole formation con­
ditions leading directly to D-erythrose osotriazole (XXIII). 
This was the one remaining unknown osotriazole of the aldo 
sugar farm* ly and. is the most important link in the current 
investigation.
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Synthesis of Osotrizoles from Osazones
The preparation of the osotriazoles was effected as 
previously indicated by a cyclizatlon reaction on the isolated 
osazone (with the exception of D-erythrose osotriazole (XXIII)) 
In all cases, the cyclization was accomplished by the use of 
copper sulfate in an aqueous medium. The aqueous solution of 
copper sulfate was added to a water suspension of the insolu­
ble osazone. Solution of the osazone and the concurrent de­
velopment of a red color occurred in the first few minutes of 
refluxing. Some of the osazone was decomposed by the copper 
sulfate as evidenced by the black insoluble residue x^0^110^ - 
during the reaction, hhen the osazone was finely powdered, it 
dissolved much more readily, and decomposition of it was kept 
to a minimum. If this decomposition was not extensive, at the 
completion of the reaction an emerald green colored solution in 
dicating the presence of free copper ions was x^o^uced. In ei­
ther case, filtration of the solution at completion of the re­
action to remove the black ceconrposition products and the small 
quantity of red copper oxide also xoresent yielded an emerald 
green solution.
Due to a problem in solubility and. the corrrplexing of 
the copper sulfate with the osotriazoles, the best procedure 
found to isolate the osotriazole XDroduct was to remove the 
copper sulfate. This was achieved by precipitation of the 
copper ions with hydrogen sulfide and the sulfate ions with 
barium carbonate, thus leaving the media free of inorganic 
ions. Concentration of this slightly basic, yellow solution 
usually produced a syrup which was dried thoroughly and re- 
crystallized. from an appropriate solvent.
OFTICAL ROTATORY DISPERSION STUDY
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OPTICAL ROTATORY "ISKCRSI017 STUDY
In order to obtain the optical rotatory dispersion 
curves of the optically active osotriazoles, it was necessary 
to employ three different spectropolarimeters. It is inter­
esting to compare the results from these three instruments.
Rudolph Recording Spectropolarimeter
From the ultraviolet data it was observed that the 2- 
phenyl-2 ,1,3-triazole ring system absorbs in the region of 265- 
270 rip with a rather large extinction coefficient of 15,000- 
20,000. Although this region is accessible to the Rudolph in­
strument the absorption of the 2-phenyl-2,1,3-triazole ring 
system proved to be too strong for its )g50 watt xenon light 
source. As a consequence, no appreciable data below 300 rip
could be obtained due to the lack of transmittance even with
- 4
very loitf concentrations (1 x 10 ¥) of the absorbing material.
The long wavelength data, however, appeared to be reproducible 
from samples of relatively high concentrations. The molecular 
rotation at the 5'°'9 mp wavelength of the O.R.D. curves obtain­
ed on the Rudolph Instrument compared very closely with those 
reported in the literature (Table II). Therefore, in the fol­
lowing study, the- long wavelength data obtained from the Ru­
dolph Instrument will be taken as quantitative. This fact 
makes the Rudolph an excellent instrument for conducting a 
solvent study in the long wavelength region.
28
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-218 (P)c
---Values from the Rudolph Instrument 
---"•Literature values (P) = Pyridine; (LT) = Mater
a U. T. Haskins, R. M. Hann, and C . S. Hudson, J. Am. Chem. 
Soc., _68, 1766 (19L|6).
b M. T. Haskins, R. M. Hann, and C. S. Hudson, J. Am. Chem. 
Soc., 67, 939 (1905).
c R. M. Hann and C. S. Hudson, J. Am. Chem. Soc., 66, 735 
(19L|I0
Cary Recording Spectropolarlmeter
The low concentrations (1 X 10 Dh) handled by the Cary 
made it possible to obtain transmittance of the polarized light 
through the solution in spite of the strong absorption of the 
media. Therefore, O.R.9. curves through one Cotton effect in 
the cases of the stronger rotating compounds such as D-glucose 
osotriazole (XI) could be obtained (Fig. 21). These shorter 
wavelength data tended to couple quite nicely with the long 
wavelength data obtained from the Rudolph instrument, and the
29
midpoint of the peak; and trough of the Cotton effect coincided 
with the maximum absorption wavelength in the ultraviolet. In 
the case of the more weakly rotating compounds such as D-galac- 
tose osotriazole (XX) and L-arabinose osotriazole (XXI-L), less 
favorable results were obtained (Fig. 18). Although these 
curves indicated the presence of a negative Cotton effect, the 
strong absorption producing low transmittance made it necessary 
to use a high sensitivity setting such that the "background 
noise" was extensive and thus the amplitude, zero point cross­
ing and midpoint wavelength of the first Cotton effect were un­
certain. L-Arabinose osotriazole (XXI-L) possessed such a weak 
rotation compared to its absorption that no worthwhile data 
could be obtained on the Cary in the short wavelength region, 
however, it was observed that the shape and amplitude of the 
curve appeared to be similar to that of D-galactose osotriazole 
(XX).
Bellimdiam-Stanlev Recording: Soectronolarlmeter.
The Q.R.D. curves of D-galactose osotriazole (XX), L- 
arabinose osotriazole (XXI-L) and D-erythrose osotriazole 
(XXIII) were also obtained on the Xellingham-Stanley instru­
ment (Fig. 13,16 X 17). Here again however, the light source 
was not sufficiently strong to permit quantitative data. This 
point was exhibited by the poor agreement of the midpoint of 
the first Cotton effect with the maximum absorption wavelength 
in the ultraviolet and also by the lack of coincidence of the 
long wavelength data with.those obtained from the Rudolph in­
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strument. These results indicate that only the shapes and 
signs of these Cotton effects are of value in this comparison.
From studying the results of these three instruments 
it appears that the following generalizations can be made con­
cerning them:
Rudolph Recording Spectropolarimeter
1, This instrument requires too high a concentration and has 
too weak a light source to obtain short wavelength data for 
strongly absorbing compounds.
2. It appears to give quantitative results in the region out­
side of the absorption band which, in this study, is at wave­
lengths longer than 300 mp.
Cary 60 Recording Spectropolarimeter
1. The low concentrations necessary for satisfactory results
from this instrument permit data to be obtained at low wave­
lengths on compounds having strong absorption bands if they 
have strong rotations.
2. It appears, however, to give quantitative results only for 
strongly rotating compounds.
3. The agreement of the midpoint of the Cotton effect with
the wavelength of the maximum absorption In the ultraviolet
indicated its excellent resolution.
Eellingham-Stanley Recording Spectropolarimeter
1. It Is able to obtain data on weakly rotating compounds 
having strong absorption of ultraviolet light.
2. The lack of agreement of the midpoint of the Cotton effect 
with the wavelength of the maximum absorption in the ultra­
violet indicates its lack of resolution and points to the fact
31
that the data are not quantitative.
3. Only the shape of the curves can be used in any comparison 
of data. The accuracy of the results has been taken to be 
of significance to only one figure. The data reported in this 
study support this limitation.
Analysis of Cotton Effect Curves
All O.R.D. data in the region below 300 mp of the oso­
triazoles were obtained from the Cary 60 and the Bellingham- 
Stanley using methanol as the solvent. These data were used 
to calculate the molecular rotation [k J of these compounds and 
were plotted as molecular rotation versus wavelength (mp).
The O.R.D. curves for the osotriazoles were expected 
to show a Cotton effect due to the aromatic chromophore in the 
presence of an asymmetric center. D-Erythrose osotriazole 
(XXIII) contains only a single center of asymmetry at C-3.
The hydroxyl group is adjacent to the aromatic system and lies 
on the right side in the Fischer projection. The O.R.D. curve 
of XXIII as obtained from the Bellingliam-Stanley showed two 
Cotton effects (Fig. 13). As shown in Table III, the first 
Cotton effect is positive and has an amplitude'’ of +£2.0 with 
the midpoint at 268 mp. The second Cotton effect has an am­
plitude of +31.8 with a midpoint at 22)| mp. This double Cot­
ton effect suggests that two separate electronic transitions 
are occurring in the ultraviolet region. Examination, however, 
of the ultraviolet spectrum obtained from a Cary Model 15 re­
cording spectrophotometer showed no fine structure in the 225-
‘"'Amplitude of a Cotton effect is defined by the e x p r e s s i o n . 37
DO first extremum - 0^  second extremum , , / \
------------------ Ynn--------------------- = amplitude (a)
TABLE III
O.R.D. and U.V. Data of the Osotriazoles
Osotriazole ITo. of Config, 
of Carbons at C-3
Sign 
of C.r
Amplitude Midpoint of Ultravioletv++
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26I[. 22,070 Cary 60
-"-Data for First Cotton Effect ++Data for Second Cotton Effect -::-in 95^ Ethanol
33
275 mp. region which would be indicative of two separate elec­
tronic transitions.
The curiously shaped curve for D-erythrose osotriazole 
(XXIII) could actually have been composed of a negative Cotton 
effect superimposed on a positive background curve. In this 
case, the peak at 279 nip x-jould not be related to the peak of 
the absorption band but would represent the partial, positive 
rotation in the longer wavelength region now falling under the 
influence of a stronger, negative partial rotation owing to 
entry into the optically active absorption band around 250 rap, 
the first extremum of which is the trough at 256 mp.3'-
The possibility that the double Cotton effects were 
the result of instrumental error must be considered. In an 
attempt to distinguish between these two possibilities, the 
O.R.D. of D-erythrose osotriazole (XXIII) was also obtained 
from the Cary 60 (Dig. Ilf. 5: 22). The curve obtained from the 
Cary 60 possessed a single, positive Cotton effect which had 
an amplitude of -h!]h.6 and a midpoint of 263 mp. Therefore, 
the curve obtained from the Bellinghan-Stanley (Dig. 13) was 
probably due to instrumental error, caused by the strong ab­
sorption of the chromophore in the 215-290 mp region and thus 
causing loss of transmittance of the polarized light.
Doth the non-symmetrical shape and the breadth of the
i
Cotton effect curve would indicate that more than a single 
electronic transition contributed to the O.R.D. Durthermore, 
lack of agreement of the value obtained from the solution 
of a one term Drude equation (see page 55) an^ the ^  value 
(midpoint of Cotton effect) obtained from the O.R.D. curve sup
3h
ported, this fact. Therefore the Cotton effect curve obtained 
from an osotriazole ring system attached to an asymmetric car­
bon atom possessing a hydroxyl group probably is composed of 
more than a single electronic transition. This question could 
best be resolved by examination of the circular dichroism of 
erythrose osotriazole (XXIII).
It is significant that the "phenyl osotriazole rule" 
correlating the configuration of the hydroxyl group alpha to 
the aromatic moiety with the rotation at the sodium D-line has 
been observed to apply to a large number of derivatives. One 
may assume, therefore, that this rule reflects a more funda­
mental relationship evidenced in the Cotton effect curves of 
these sugar derivatives. If this is true, it should be possi­
ble to devise a more general explanation for the correlation 
in the form of a simple bartition Rule analogous to the Octant 
Rule which has been devised for ketones.
The phenylosotriazole system contains the aromatic 
ring system attached to an asymmetric center, the original 
C-3 of the sugar. The phenyl and triazole rings must be co- 
planar in order to provide maximum resonance stabilization.
The unsubstituted rings (R=H) possess two planes of symmetry 
(XY and YZ, Tig. 11a), but only that plane which passes through 
all atoms of the rings will also include R or the asymmetric 
center C-3, i.e., plane XY. These symmetry planes are also 
nodal planes of the aromatic chromophore and the atoms in the 
plane will not affect the Cotton effect curve. Atoms outside 
of the nodal planes, however, will perturb the orbitals asymme­
trically if they are not free to rotate equally over opposite 
nodes.
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Orienting the phenyl osotriazole on a Partition Dia
gram shows that the substituents at the C-3 asymmetric center 
will perturb the nodes to different extents. Due to the free 
rotation of the C-2, C-3 bond, the relative free energies of 
the possible rotomers determine the time a given group has 
one particular orientation. It is necessary, therefore, for 
an external force to play a role in the conformational choice, 
and the most logical force is the possible hydrogen bond which 
can bo established between the nitrogen attached to C-2 of the 
original sugar and one of the hydroxyl groups.
The orientation of the aromatic chromophoro must be 
selected to conform with experimental results. Two possible 




(a) ( b ) (c)
Fig. 11* Comparison of the Orientation of the Osotri- 
azoles on an Octant and a Partition Diagram
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If the sign of the quadrants is the same as those des­
ignated by the Octant Rule, conformation (b) would be expected 
to show a positive Cotton effect since the substituent
would be in the lower left front quadrant (-X,-Y+Z) while con­
formation (c) which has the hydroxyl group at lower left rear 
quadrant (-X,-Y,-Z) would have a negative Cotton effect. An un­
equivocal decision between these two conformations will re­
quire much additional data, but a logical choice between them 
can be made on the basis of the "phenyl osotriazole rule." 
Since this rule has been shown to apply in a large number of 
cases, it is evident that the dominant factor is the absolute 
configuration of C-3. Since conformation (b) would be much 
more seriously altered by a change at C-3 than would confor­
mation (c), it seems logical that the major conformation in­
volves hydrogen bonding between the C-3 hydroxyl and the ni­
trogen attached to C-2. There is evidence of such bonding in 
similar systems, such as 2 -o£-pyridylpropan-2-ol (XLV).-^
XLV
Such a diagram as drawn in Fig. 11 may be an over­
simplification, but it is consistent with the experimental
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results. D-Erythrose osotriazole (XXIII) which has the con­
figuration shown in the illustration (Fig. 11) shows a posi­
tive Cotton effect centered at 263 nyi, a wavelength which is 
in good agreement with the maximum absorption in the ultra­
violet. If the chain of this tetrose is lengthened as in the 
5 - or 6- carbon sugar series, the additional atoms will have 
little effect on the sign of the Cotton effect. The confor­
mation shown by Fig. lib would not be changed by lengthening 
the chain, but the size of the group in the lower left front 
quadrant (-X,-Y,+S) would be increased. Thus, one would predict 
a larger amplitude for the Cotton effects of the larger sugars. 
Above 6-carbon sugars, however, the chain may become so in­
volved that a maximum in amplitude would be reached.
If model Fig. 11c were the correct one, the prediction 
would be much more complex since substituents at C-L). would 
cause marked alteration of the sign of the Cotton effect. In 
other words, there should be no consistency of sign of Cotton 
effect with configuration at C-3 for model (c). On this basis, 
model (c) was eliminated from consideration.
The Partition .Diagram selected on the basis of D- 
erythrose osotriazole (XXIII) predicts a positive Cotton effect 
in the region of maximum absorption by the aromatic substituent 
for any osotriazole having the hydroxyl group alpha to the aro­
matic system to the right in a standard Fischer projection.
The rule, therefore, predicts a positive Cotton effect for oso- 
triazoles derived from D-erythrose, D-arabinose, D-allose and 
D-gulose. Unfortunately, D-allose osotriazole (XVIII) has not 
yet been prepared in a pure form. D-gulose osotriazole (XIX)
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was actually prepared from L-sorbose, a keto sugar, and is 
referred to by that name below, and L-arabinose osotriazole 
(XXI-L) was actually used in the synthesis. The consistency 
of results is discussed in the sequel.
The asymmetric hydroxyl group attached to C-3 of D- 
xylose osotriazole (XXII) is on the left in the Fischer pre- 
jection formula. The C.R.D. curve for this compound is shown 
in Fig. 15* It contains a negative Cotton effect with an am­
plitude of -59.2 and a midpoint of 261 my.. This compared 
fairly well with the maximum absorption at 267 mp obtained 
from the ultraviolet spectrum. The amplitude of its Cotton 
effect is very similar to that of D-erythrose osotriazole 
(XXIII). The additional asymmetric center at C-I4. produced 
the effect of increasing the Cotton effect amplitude by 7.2 
over that for D-erythrose osotriazole (XXIII), This would 
indicate that the asymmetric center at C-l|. has only a lljg ef­
fect on the magnitude of the Cotton effect, and is consistent 
with the prediction that the amplitude of the Cotton effects 
of the pentose osotriazoles will exceed that of the tetrose 
derivatives.
■ L-Arabinose osotriazole (XXI-L) also contains an a- 
symmetric hydroxyl group at C-3 which is on the left in the 
Fischer projection formula, and the O.R.D. curve for this 
compound (Fig. 16) also showed a negative Cotton effect. The 
midpoint of the Cotton effect is 2b-p mp. This is compared 
with a maximum obtained from the ultraviolet spectrum of 266 
mp. This poor agreement of midpoint absorption coupled with 
the poor resolution indicated by the "background noise" in
the originally recorded curve indicated that the amplitude of 
this curve is not quantitative and that only the sign and 
shape of the Cotton effect are meaningful. Thus, its ampli­
tude of -76„3 is not a quantitative value; however it indi­
cates that its amplitude is probably larger than the +52.0 
obtained for D-erythrose osotriazole (XXIII).
The curves for D-galactose osotriazole (XX) were ob­
tained from the Bellingham-Stanley and the Cary 60 as shown in 
Fig. 23. The discrepancy in Cotton effect amplitude as ob­
tained from the two instruments is again due to the strong 
absorption of the chrornophore in the region of the Cotton ef­
fect. This amplitude discrepancy is reflected in the dis­
agreement of the midpoint absorption of the Cotton effect and 
the^maximum of the ultraviolet spectrum. The curve however 
does indicate that the compound which possesses a hydroxyl 
group on the left at C-3 in the Fischer projection formula 
gave a negative Cotton effect in the O.R.F.
L-Sorbose osotriazole (XIX-L), which again contained 
a hydroxyl group on the left at C-3 in the Fischer projection, 
also yields a negative Cotton effect in the 0.P..D. (Fig. 20). 
The first Cotton effect had an amplitude of -68.8 and a mid­
point absorption of 260 mjj. as compared with the 266 m;i ob­
tained from its ultraviolet spectrum. This compound has a 
C-3 and C—ij. configuration equal to that of D-xylose osotri­
azole (XXII). However, it contains an additional asymmetric 
center at C-C. Its Cotton effect amplitude is 9.6 higher than 
that for D-xylose osotriazole (XXII) indicating that the' hy­
droxyl group attached to the asymmetric center at C-5 has only
ho
a 10# effect on the magnitude of the Cotton effect.
D-Glucose osotriazole (XI), which also has a hydroxyl 
group at C-3 on the left in the Fischer projection, gave a 
negative Cotton effect in the O.R.D. of exceptionally high 
amplitude of -195 (Pig. 21) and a midpoint absorption at 267 
mp as compared with maximum absorption at 267 nap in the ultra­
violet spectrum. Its amplitude is more than two and a half 
times greater than any of the other osotriazoles. This high 
amplitude indicates that no calculations of hypotheoretical 
contribution to the Cotton effect amplitude will be meaningful, 
for if it is assumed from D-erythrose osotriazole (XXIII) that 
C-3 contributes t52.0 to the amplitude of the O.R.D., then C-h. 
and C-5 must contribute more than t52.0 each in order to give 
a total rotation of -195. As the model from the Partition 
Rule indicated, however, and subsequent data will also show, 
all facts support the hypothesis that C-3 must be the strong­
est rotational center In the molecule.
It may be of some significance to point out also that 
all of the osotriazoles except D-glucose osotriazole (XI) had 
an exceptionally small ultraviolet extinction range (from 
19,000-20,000) and also a small O.R.D. amplitude range (from 
+52.0-+68.8). D-glucose osotriazole (XI) on the other hand has 
an extinction of approximately 25*000 and an amplitude of -195*
D-galactose osotriazole tetraacetate (XLVI) gave an
O.R.D. curve (Pig. 19) containing two Cotton effects. The 
first Cotton effect had an amplitude of -37*7 and a midpoint 
of 279 np while the second Cotton effect had an amplitude of 
-Ij.il.,8 and a midpoint of 258 rrjp. This represents a considera-
ble shift in the midpoint of the first Cotton effect from 
that of D-galactose osotriazole (XX). This shift in mid­
point absorption coincides with the increased steric re­
quirement which attend the exchange of hydroxyl for acetate, 
and thereby suggests that conformational factors may be im­
portant. In going from D-galactose osotriazole (XX) to D- 
galactose osotriazole tetraacetate (XLVI), the possibility 
of a hydrogen bonded conformation is removed by acetylation 
of the hydroxyl groups. This would cause a change in con­
formation of the molecule with probably an increase in the 
random form and thus a loss in amplitude of the Cotton effect 
(Fig. 19 X 2k). However, in destroying the possibility of 
hydrogen bonding, the steric requirement of the former hy­
droxyl group has been drastically Increased. This increased 
steric requirement would now produce conformationally pre­
ferred structures of a zig-zag form, such as to reduce steric 
interactions as much as possible. Therefore, a comparison of 
the amplitude of the Cotton effect with respect to the effect 
of hydrogen bonding as an important factor in the molecular 
conformation of XX is not possible.
The two Cotton effects of D-galactose osotriazole 
tetraacetate (XLVI) could be due to two separate possible 
electronic transitions, namely:
Ii2
The second Cotton effect has a midpoint absorption of 
25P mja which is identical to that of the osotriazole XX hay­
ing free hydroxyl groups and this could be indicative of an 
electronic transition of Type A. Thus the first transition 
could then have been due to a transition of Type E.
The conclusions obtained from this study are as fol­
lows :
(a) The asymmetric centers other than that at C-3 have only 
small effects on the O.R.D. curves.
(b) T-ie shapes of the molecules of the osotriazoles are rel­
atively similar.
(c) The similarity of the D-galactose osotriazole (XX) curve 
with that of the D-galactose osotriazole tetraacetate (XLVI), 
relative to the long wavelength Cotton effect, may Indicate
a relative unimportance of conformation to the O.R.D. curves. 
The D-galactose osotriazole tetraacetate (XLVI) would, be ex­
pected to be quite different from the tetrahydroxy compound 
In shape (II-bonding etc.) and yet the amplitudes are approx­
imately equal if one considers only one Cotton effect. How­
ever, this is a comparison of two different electronic transi­
tions and two different types of conformational structures.
The tetrahydroxy compound would possess a conformational struc­
ture which allows for intramolecular hydrogen bonding whereas 
the D-galactose osotriazole tetraacetate (XLVI) possesses a 
different conformational structure which better accommodates 
the increased steric requirements of the hydroxyl group.
(d) Hudson’s rule points to the correlation between the 
stereochemistry of an optically active group adjacent to a 
chromophore and the sign of rotation at the sodium D-line.
1+3
The most significant fact from the O.R.D. curves is that this 
investigation shows that Hudson’s rule can be extended to cov­
er the sign of the Cotton effects of the osotriazoles and may 
be stated as follows: Whenever the hydroxyl group attached to
C-3 of the sugar residue is to the right in the Fischer pro­
jection formula, the sign of the Cotton effect obtained from 
the derived osotriazole is positive, and when the hydroxyl 
group is on the left, it is negative. It is anticipated that 
this rule may have general application and thus include the 
correlation of sign of the Cotton effect with the configura­
tion of an asymmetric carbon atom adjacent to a heterocyclic 
or aromatic ring.
Furthermore, for the rule to hold true, the hydroxyl 
group at C-3 must dominate the sign of rotation and amplitude 
of the Cotton effect. Therefore, C-3 must be greater in ro­
tation than the total sum of the individual rotations of all 
other centers in the molecule.
The Long Wavelength Region Solvent Study
The long wavelength solvent study data of this work 
were obtained on the Rudolph instrument using methanol, acetic 
acid, pyridine and water as solvents. Although other solvents 
may also have been desirable for this investigation these com­
pounds have the handicap of being insoluble in most solvents 
and, in addition, their solubility varies quite markedly from 
the larger molecular weight members to the lower molecular 
weight members.
The long wavelength solvent study of the osotriazoles
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was carried out in a 0.1 dcrn, tube from 300 to 600 mp. All 
of the curves obtained within this spectral range of experi­
mental observation exhibited no maximum (peal:) or minimum 
(trough) and were therefore all plain curves (Tig. 2^-Ll2).
Pyridine. D-Frythrose osotriazole (XXIII) i3 the 
lowest molecular weight, optically active osotriazole. It 
contains a hydroxyl group attached to an asymmetric carbon 
atom which is adjacent to the triazole ring. This hydroxyl 
group attached to the optically active group C-3 is on the 
right in the Fischer projection and, as predicted by Hudson’s 
rule, the sodium D-line was positive. The 0.1.D. for this 
compound as shown in Fig. 25 showed that it possessed a posi­
tive plain curve above 283 nyu.
D-Xylose osotriazole (XX.H) ps the next optically ac­
tive member osotriazole of the aldo sugar* family. It contains 
two optically active centers at C-3 and C-k respectively. In 
the Fischer projection the hydroxyl groups attached to these 
centers are trans to one another. The C-3 hydroxyl group ad­
jacent to the triazole ring is on the left. Again, as pre­
dicted by Hudson’s rule it -'ives a negative rotation at the 
sodium X— line and also gives a negative plain 0.H.1*. curve a- 
bove 286 m^ i (Fig. 25).
In order to compare more easily the positive curve of 
D-erythrose osotriazole (XXIII) with the negative curves ob­
tained for the other osotriazole compounds, the data for D- 
erythrose osotriazole (XXIII) have been plotted as negative 
values. This mirror image curve vjould be that expected for 
L-erythrose osotriazole (XHIII-L). Therefore, hereafter this
k5
negative plotting of the data obtained for D-erythrose oso­
triazole (XXIII) will be referred to as L-erythrose osotria­
zole (XXIII-L). A comparison of the O.R.D. obtained for D- 
xylose osotriazole (XXII) with that obtained for L-erythrose 
osotriazole (XXIII-L) shows it to be symmetrical to the lat­
ter but higher in rotatory power.
droxyl groups at C-3 and however, unlike ^-xylose oso­
triazole (XXII), in the Fischer projection these two hydroxyl 
groups are cis to each other. When this curve was compared 
with the O.R.D. curve for L-erythrose osotriazole (XXIII-L) 
it was found to be similar in shape but lower in intensity 
(Pig. 28). The symmetrical spacing of these curves suggested 
a possible pattern. If this pattern is compared with the 
different pattern in stereochemistry of the osotriazole fami­
ly, it is observed that there Is a similarity in the two pat­
terns such that the rotational amplitude for the osotriazole 
family can be correlated with their conformation in the Fis­
cher projection formulas.
H-C=Nv H-C=Nv H-C=HV
L-Arabinose osotriazole (XXI) also contains two hy-
HO-C-H HO-
' ■j —  O  /  Xir-'
*t/ 6 5








However, D jerassi :'"0 has pointed out that an O.R.D. 
containing a Cotton effect is made up of contributions from 
the partial rotations of the asymmetric centers in the com­
pound and also from the "background rotation" produced by 
the chromophore in the presence of an asymmetric center.
This "background rotation" will be most significant in the 
region of the absorption band. Therefore, in making a com­
parison of the stereochemistry of the members of the osotri- 
azole family to their rotatory power in the O.R.D. curves 
one is dealing with the same chromophore such that the ef­
fect of the "background rotation" produced by it should be 
nearly the same in each compound, furthermore, since the 
solvent study has been conducted in the long wavelength re­
gion, the background effect in this area should be insignif­
icant and almost negligible. In this comparison of plain 
curves the differences in rotatory power between the curves 
rather than the absolute intensity of the curves are of most 
significance.
Mathematically the difference in magnitude of rota­
tion between L-arabinose osotriazole (XXI-L) and L-erythrose 
osotriazole (XXIII-L) at equal wavelengths on their respec­
tive curves is approximately equal to the difference between 
L-erythrose osotriazole (XXIII-L) and D-xylose osotriazole 
(XXII) at the same wavelength. Since the only structural 
difference in these three compounds is that of the second • 
asymmetric center (C-lj.) then this difference in intensity is 
due to the effect of the asymmetric center C-I;.. This equal 
spacing may imply the existence of some sort of additive re-
kl
lationships for optical rotations. Since L-erythrose osotri­
azole (::XIII-L) contains only the one optically active center 
at C-3 adjacent to the chromophore and since the rotation is 
negative, it indicates that an hydroxyl group on the left at 
C-3 gives a negative rotation which is in agreement with Hud­
son' s rule.
L-Arabinose osotriazole (XXI-L) possesses the L-ery­
throse osotriazole (XXIII-L) structure at C-3 plus a second 
hydroxyl group C-Lj. cis to the C-3 group. Since L-arabinose 
osotriazole (XXI-L) gave an optical rotation curve less neg­
ative in rotation, this would imply two facts about G —Ip in 
L-arabinose osotriazole (XXI-L) if the additivity relation­
ship is valid. First, it contributes a rotation opposite in 
sign to that of C-3. Second, its rotational strength is nu­
merically less than that of C-3.
D-Xylose osotriazole (XXII) possesses the L-erythrose 
osotriazole (XXIII-L) configuration plus a second group at 
C-Lj. trans to the C-3 hydroxyl group in the Fischer projection. 
In this case the O.F.F. curve was more negative in value than 
that of L-erythrose osotriazole (XXIII-L), thus indicating 
that C-lj. in D-xylose osotriazole (XXII) contributes a rotation 
the same in sign as that of the C-3 center.
From this comparison the following correlations bet­
ween stereochemistry and strength of rotation are indicated:
1. When the hydroxyl group is on the left at C-3, a negative 
rotational contribution is observed* conversely, when on the 
right, a positive rotation is observed.
2. When a hydroxyl group is on the left at C-k a negative
1*8
rotational contribution is observed. If the hydroxyl is on 
the right at C-li, a positive rotational contribution is ob­
served. approximately equal in magnitude to that observed for 
the hydroxyl group on the left.
3. The rotational contribution for the asymmetric center at 
C-L is lower in magnitude than the rotation contribution for 
the asymmetric center at C-3*
Since L-sorbose osotriazole (XIX-L) is composed of 
the same stereochemistry at C-3 and C-h as D-xylose osotri­
azole (XXII) with an additional asymmetric center at C-5 con­
taining a hydroxyl group on the left in the Fischer projec­
tion, the difference in their rotational strengths may be in­
dicative of the effect of this hydroxyl group at C-5>. The 
O.R.D. curve for L-sorbose osotriazole (XIX-L) is less nega­
tive in amplitude than that for D-xylose osotriazole (XXII) 
(Fig. 27), thus indicating that the C-£ hydroxyl group on 
the left in the Fischer projection may be correlated with 
rotatory contribution positive in sign. Conversely, the
O.R.D. curve of D-glucose osotriazole (XI) is more negative 
in intensity than that for D-xylose osotriazole (XXII), thus 
indicating that the C-£ hydroxyl group on the right in the 
Fischer projection may be correlated with a negative rotatory 
contribution.
If the above correlation is valid, D-galactose oso­
triazole (XX) which has its C-3, C-!| configuration identical 
to that of L-arabinose osotriazole (XXI-L) and its C-£ hy­
droxyl group on the right in the Fischer projection should 
be more negative in amplitude than L-arabinose osotriazole
U-9
(XXI-L). A comparison of these two O.R.D. curves in Fig. 27 
shows the above correlation to be valid.
The data indicate the following correlations bet­
ween stereochemistry of the hydroxyl groups of the osotri­
azole derivatives of the aldo sugar family in the Fischer 
projection and the rotational amplitudes in the 600-Ll00 nya 
region of the O.R.D*:
1. The asymmetric center at C-3 dominates the sign of rota­
tion.
2. The further the asymmetric center from the aryl group the 
smaller its effect on the amplitude of the O.R.D. Thus C-3> 
C-lf > c-5 .
3. The rotational strength of the asymmetric center at C-3 
is greater in amplitude than the total rotation of all the 
other asymmetric centers in the molecule. Thus C-3 > (C —L;_ +
c - 5 ) .
If. The following stereochemistry of the hydroxyl group in 
the ^ischer projection coincides with the sign of rotation 
as shown in Table IVa.
5. The correlations between stereochemistry and rotational 
amplitudes which have been observed in this investigation were 
applied to other osotriazole derivatives on the basis of their 
sodium D-line rotations in pyridine which are reported in the 
literature (Table IVb b Fig. 12). A comparison showed contin­
ued agreement of this correlation and extended to additional 
asymmetric carbon atoms the correlation of the stereochemistry 




Correlation of Stereochemistry at Asymmetric Centers and 
Their Signs of Rotation
Config. of OH group 
Osotriazole in Fischer Projection Sign of Rotation In Pyridine













Left Left - + -76
Left Left Right + -88
Left - -109
Left Right Left + -133
Left Right - - -147
Left Right Right - -219
TABES IVb
Correlation of Stereochemistry at Asymmetric Centers and Their Signs of Rotation
Configuration of OH group in 
Osotriazole Fischer Projection Sign of Rotation D'Jr>
Structure______ C-3 C-lp C-5 C-5"____C-7_____ C-3 C-!± C-5 C-‘6~ C-7____ In Pyridine
E Right Right Left Right + - + + +L7a
Eli . Right Right Left Right Right + - + + + +58b
XLVIII Right Left Right Right + + - + +139°
XLVI I mignt Left Left Left 4~
.t. - +211°
XLIX Right Left Left Right + -i- + +231°
LI- Right Left Left Right Right -4" + .i + +25ld
a W. C. Stewart, IT. K. Richtmyer, and C. S. Hudson , J. Am. Chem. Soc., Ik. 2210 (1952
0 N. K. Richtmyer, T. S. Fodenheimer, J. Org. Chem., 27, 1°02 (1962). 
c V/. T. Haskins, R. K . Hann and C. S. Hudson, J. Am. Chem. Soc., 69, 1050 (19k 7). 
d J. V. Karabinos, H. M. Hann and C. S. Hudson, J. Am. Chem. Soc., 75? 320 (1953).
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Pig. 12. Sodium D-Line Molecular Rotations of Osotriazoles 
in Pyridine
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Kethanol. The methanol curves tended to converge in 
the long wavelength region (Fig. 2'°-30). However, in the !|50 
mp region, the curves begin to take on their own characteris­
tic shape and intensity. This trend of the curves to converge 
in the 500-600 rap region exemplified the need for studying ro­
tatory power of an asymmetric carbon atom by use of the com­
plete plain curve where the differences in intensity became 
more pronounced and characteristic of the compound. The ro­
tation at an arbitrary wavelength (such as 5P9 mp) could not 
be chosen to make such an investigation without first looking 
at the O.R.D. curve because this wavelength would have to be 
one outside of the convergence. Also if the arbitrary wave­
length was outside of the convergence region, there would 
still remain the uncertainity of locating the wavelength at 
which the background rotation contribution became pronounced.
It was felt that in a study of solvent effects on rotatory 
power two things must be done. First, the study must be made 
at high concentrations in order to obtain maximum accuracy in 
readings and second, the overall plain curves should be ana­
lyzed rather than the rotation at an arbitrary wavelength.
The correlation between rotatory strengths and stereo­
chemistry described in the pyridine solvent study was not as 
apparent In the methanol curves. This pattern was lost in 
the long wavelength region due to the convergence of the curves. 
However, as the curve approached the shorter wavelength region 
this pattern was again observed.
Acetic Acid. The Rotatory Dispersion (RD) curves ob­
tained from the osotriazoles using acetic acid as the solvent
also showed the convergence of plain curves in the longer 
wavelength region. The pattern first described for pyridine 
however, is also evident here in the shorter wavelength region, 
(Fig. 31-33). The most striking point observed from the acetic 
acid curves was the comparison of these curves with those ob­
tained for the same compounds in methanol (Fig. 36-l|,2). This 
comparison showed that both solvents yielded RD curves which 
possessed the same shape and intensity, although these sol­
vents have polarities and refractive indexes which are quite 
different. The fact that the osotriazoles would be protonated 
in acetic acid would change the nature of the chromophore un­
der consideration here. The extent of protonation is unknown, 
and no detailed study of the system was attempted. Further 
study of solvent effects would yield information that could, 
hopefully, be correlated with the conformation of the osotri­
azoles in different solvents.
hater. The plain curves obtained from the solvent 
study using water as a solvent were somewhat different from 
those obtained from the other solvents (Fig. 3it 3 5 )  • These 
curves tended to be much flatter in shape and showed very 
little difference in intensity through the spectral range 
examined. These features may not be characteristic of the 
compounds in this solvent but they may arise from the ac­
curacy of the instrument at the low rotations of these com­
pounds in water. This factor has no doubt introduced error 
into the results and due to the low solubility of the osotri­
azoles in this solvent, this problem could not be overcome by 
increasing the concentration to increase the rotation. The
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data, however, indicated that the solvent effect is such as 
to produce lower intensity curves than those obtained from 
other solvents for similar concentrations of the compound.
In a comparison of the solvent effects (differences 
between the four solvents), the increasing; order of intensity 
of RD curves of the compounds in these solvents as shown in 
Fig. 36-1J.2 was as follows: 
water < methanol = acetic acid ^  pyridine
These solvent effects are attributed to bathochromic 
solvent shifts of the O.R.I-. curves. This would imply that 
the solvents showing higher intensities of rotation in the 
longer wavelength region were those in which the larger bath­
ochromic shift of the ultraviolet absorption occurred; there­
fore, the curves obtained in pyridine were of much higher ro­
tatory strength than those obtained in water, acetic acid or 
methanol. Such a hypothesis would imply the observance of a 
shift of the first extremum of the Cotton effect in different 
solvents which should parallel the ultraviolet absorption. Un­
fortunately, due to the spectral properties of pyridine and 
of the osotriazoles in acetic acid, no data below 300 my could 
be obtained and this shift of the first extremum could not be 
investigated.
Prude Equation Study
In 1906 P. Drude published a book entitled "Lebrbuch 
der Optick” in which he presented a mathematical relationship 
between optical rotatory power and wavelength outside the re­
gion of an optically active absorption band. This theoretical
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equation was experimentally proven by many investigators 
among whom were T. II. Lowry and T. W. Dickson. A one term 
Drude equation,
A
defines the contribution to the total molecular rotation [ii] 
at any specific wavelength, , of a single optically active 
chromophore which possesses a maximum absorption band,"^0,
A being a constant.
If the Drude equation is applicable to a specific ro­
tatory dispersion curve, the ^  value obtained from solution 
of this equation should be in agreement with the midpoint of 
the Cotton effect at longest wavelength (this being the ex­
perimental value) and with the wavelength of the absorption 
band of the compound's ultraviolet absorption spectrum.
Analysis of the rotatory dispersion curves was made 
with respect to a one-term drude equation. The data were e- 
valuated by the least squares method with the assistance of 
an I.L.ii. 1620 conputor using 16 points from 6OO-I4.OO rryu (Tables 
VI11-IIVI). The results are summarized In Table V below and 
the ^ values are conrpared with the long ultraviolet absorp­
tion bands of the osotriazoles. A solution of the equation 
graphically shows that 7\0^ is the intercept and'A0 is the 
square root of the intercept which is in microns and may be 
assumed to indicate the wavelength at which the compound has 
a maximum absorption band. The constant A is the slope of 
the straight line which should be obtained on plotting the 
data as 1/ £ I ) versus
TABLE V


































0 . 0 0 5  0 .0 7 3
o . io l j .  0 . 3 2 3
0 .0 8 7  0 . 2 9 5
0 . 0 3 6  0 .1 8 9
0 . 0 2 0 o.Ui:
0 . 0 6 "  0 . 2 6 1
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- 3 6 . 6
-2I4-.5
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onstants of HO Curves Prom 
______ Acetic Acid__________
X o 2 W  A
1 6 . 1  [i.,02 - 20.0
0.176 O.J-j.20 -1|.. 66
0.122 0.314-9 -20.0
0.039 0.197 -33.8
0.118 0 .3lik -2k. 1
0.059 0 . 2kk -1:0.0
ne-Terin Drude Equation
A °
0 . 0 6 2  
0 .0 2 8  
0 .  1I4.0
0.02k 
0.016 





0 . 1 5 6  
0 . 2l|-5 
0.37°
A
- 1 8 . 6
- 3 0 . 7
- 1 0 . 5
- 3 1 . 8
- 2 8 . 7




ITUCLEAR KAGEETIC RSS0HA1TCE STUDY
In the analysis of the O.R.D. of the osotriazoles 
the hypothesis of a Partition Rule'was put forth. It was 
further stated that such a rule would require the assump­
tion of a preferential conformation of the acyclic side 
chain. The most apparent factors which could determine a 
preferred conformation of the side chain would be, first, 
steric requirements (alignment into a conformation which 
would produce the least steric interference).and second in­
tramolecular hydrogen bonding. Compliance with the first- 
factor would place the side chain into a zig-zag conforma­
tion such as A or a hydrogen bonding conformation such as C. 
The second factor would produce a conformation involving one 
or more rings in which hydrogen bonding could be formed be­
tween 0-- H-0 or IT H-0 atoms. The IT II—0 hydrogen bond
is much stronger than the 0-- H-0 hydrogen b o n d ^  therefore
the IT H-0 bond between the C-2 nitrogen and the C-l| group
would produce a six-membered ring (B) while bonding with the 
C-3 hydroxyl would produce a fIve-membered ring (A or C).
The C-conformation combines the chelate ring of conformation 
A along with additional rings formed by hydrogen bonding In­
volving the remaining hydroxyl groups and would be predicted 
to be the most stable because of the combination of the small 
number of unfavorable steric interactions and the stabiliza­
tion due to maximum hydrogen bonding.
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In an attempt to determine which of these factors, if 
any, played the more important role In producing conformational 
preference in the osotriazole derivatives, the I7.K.R. spectra 
of the osotriazoles were analyzed (Table HIV).
The spectrum of D-glucose osotriazole (XI) in pyridine 
showed a sharp low-field proton singlet at T'l,6b (III) which 
may be assigned to the C-l proton of the osotriazole ring.
This was confirmed by the IT.H.B. spectrum of 2-phenyl-2,1,3- 
triazole (XXV) which showed a sharp low-field, proton singlet 
(2IT) at 1*2.09. The phenyl ring protons are masked by the 
resonance of the solvent.
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The C-3 proton of D-glucose osotriazole (XI) appears 
at 7 ' 3.91l as a doublet by coupling with the C-l;. proton, J3 
1.5 c.p.s. Studies of acetylated sugars have shown that 
coupling of an axial and an equatorial proton (Ja#e) or 'be~ 
tween two equatorial protons (J ) on adjacent carbons re-
0 f G
suited in observed values of 2-3*5 c.p.s. Axial-axial proton 
coupling, however, results in larger coupling constants ( & 
^5-9 c.p.s.). Examination of the three models for glucose 
osotriazole (XI) shows that the zig-zag conformation (A) would 
have an anticipated dihedral angle of 180° which by the Earplus
i, p
correlation^ would predict a v e r y  large coupling constant.
Conformation B should have a cyclohexene—like geometry and 
the dihedral angle between the pseudo equatorial proton and 
the equatorial hydrogen must be approximately oO°J-!-3 The C- 
conformation would be the one in which the dihedral angle be- 
txjeen these C—II bonds is approximately 60°, the ideal angle of 
the diequatorial hydrogens of cyclohexane. The spectra of 
cyclohexane derivatives have shown diequatorial coupling con­
stants of 2-3.5 c.p.s. Conformation A can be eliminated on 
this basis, however, it does not allow a choice between con­
formation B or C. The C —Ip and C-5 protons appear as an indis­
cernible overlapping multiplet at T*5»38. The two protons of 
the methylene group are nonequivalent because of the adjacent 
asymmetric center and give rise to a multiplet, the AB part 
of an ABX system, centered at 't 5«31. This type of nonequiv­
alence of methylene protons in a terminal group has been ob­
served in acetylated sugar phenylhydrazine derivatives,^- 
however, it is remarkable that the nonacetylated sugar should
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show this nonequivalence with coupling constants of nearly 
the same magnitude as that of an acetylated derivative. This 
could imply that the hydroxyl groupte steric requirement is of 
the same magnitude as that for the acetylated -product and is 
large enough to dominate the rotamer state.
If the osotriazole is in the zig-zag conformation, 
the tetraacetate osotriazole should also be in a similar con­
formation and show a splitting pattern similar to the non- 
acetylated osotriazole. However, if the conformation is pro­
duced by hydrogen bonding, acetylation, which would preclude 
any possibility of hydrogen bonding, may produce a different 
coupling constant at C-3.
The spectrum of D-glucose osotriazole tetraacetate 
(LIII) showed, that the coupling constant for the 0-3 proton 
is of much larger magnitude than that of the nonacetylated. 
osotriazole as shown in the Table below. Furthermore, the 
spectrum obtained for D-glucose osotriazole tetraacetate (LIII) 
is identical in splitting pattern and coupling constants to 
that obtained for D-glucose quinoxaline tetraacetate (LIT) by 
Horton and Miller.^ These authors analyzed the spectrum for 
D-glucose quinoxaline tetraacetate (LIV) and found that the 
spectrum indicated a high degree of conformational purity, 
and it was in agreement with an extended planar zig-zag ar­
rangement as the favored conformation. D-Glucose osotriazole 
tetraacetate (LIII) showed this same coupling constant and 
splitting pattern; therefore, it may be assumed that it also 
is in the zig-zag conformation. The nonacetylated osotri­
azole possesses coupling constants for the C-3 proton of a
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different magnitude from that of the acetylated structure; 
therefore, this xrould tend to discount the zig-zag conforma­
tion in the hydroxyl compound.
(LIV) and D-Glucose Osotriazole Tetraacetate (LIII) in DCCl^
the recorded coupling constants are the observed splittings.
The relative chemical shifts of the methine protons in A (p. 60) 
are sufficiently different than the recorded and J parameters 
should be close to the theoretical values.
cThe absolute magnitudes may be larger, owing to second-order 
effects.
TABLE VI
1T.K.R. Spectral Data on D-Glucose Quinoxaline Tetraacetate^
LIII & LIV LIII
Integral
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d, doublet; m, multiplet; q, quartet; s, singlet. 
bThe spectra have been analyzed on a first-order basis, and
A choice between the hydrogen bonded conformations 
(B & C) may be made from some data obtained for the three 
hexose sugar derivatives (Table VIII and XIV). If D-glucose
6K
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Sugar: Type C Conformation: Approx. Dihedral Angles:
-::-Spectra were recorded by means of a Perkin-Elmer 60 me instru­
ment Model using pentadeutero pyridine (Merck, purity >  99/j) 
as solvent. The author thanks Mrs. E. Richards & Mr. P. Cherry 
of the Dyson Perrins Lab., Oxford, England for obtaining the spectra.
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osotriazole (XI) and L-sorbose osotriazole (XIX-L) is placed 
in conformation B the dihedral angle between the C-3 and. C-Lj. 
protons in both compounds would be the same and therefore the 
coupling constants for them should be nearly the same* The 
data shows this to be inconsistant.
In Table VIII D-glucose, D-galactose and L-sorbose 
osotriazole are placed into a conformation of type C. The 
coupling constants predicted by the Karplus correlation for 
the dihedral angles produced between the C-3 and C-ij. protons 
are compared with those obtained, experimental!y*
These results suggest that the preferred conformation 
of D-glucose osotriazole (XI) may be C. Conformation E can­
not be unquestionably eliminated on this basis, but the
weight of the' O.R..D, and IT.K.R. data favors the C form. A-
cetylation of the hydroxyl groups undoubtedly produces the ■ 
zig-zag conformation A in which the maximum dihedral angle 
of the protons is maintained since each conformation would 
be such to avoid steric interactions of the bulky substi­
tuents on the asymmetric carbon atoms. Acceptance of these 
conclusions must necessarily await confirmation by the syn­
thesis of some deoxy analogs of these derivatives where hy­
drogen. bonding would be limited to a few selected sites.
This initial investigation of the 1T.N.E. spectra of 
the osotriazoles indicated that a more detailed study of the 
splitting patterns and coupling constants of the complete 
aldo sugar family osotriazole derivatives could give further 
data to indicate if a Partition Rule could correlate the con­




The O.R.P. curves obtained from the aldo sugar fam­
ily osotriazole derivatives prepared in this investigation 
gave Cotton effects due to the aromatic chromophore in the 
presence of an asymmetric center. A comparison of these 
Cotton effects showed that the asymmetric centers other than 
those at C-3 have only small effects on the magnitude of the 
Cotton effect of the O.R.D. curves. It was also noted that 
the conformations of the osotriazoles must be relatively 
similar.
There was observed a correlation between the stereo­
chemistry of an optically active group adjacent to a chromo­
phore and the sign of its Cotton effect. This correlation 
may be stated as follows: Whenever the hydroxyl group at­
tached to C-3 of the sugar residue is to the right in the 
Fischer projection formula, the sign of the Cotton effect 
obtained from the derived osotriazole is positive, and when 
the hydroxyl group is on the left, it is negative.
It is anticipated that this rule may have general 
application and thus include the correlation of sign of the 
Cotton effect with the configuration of an asymmetric car­
bon atom adjacent to a heterocyclic or aromatic ring. This 
correlation between stereochemistry and sign of Cotton ef­
fect was explained by means of a Partition Rule which is 
similar in nature to the Octant Rule in that it attempts to
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predict the sign of the Cotton effect by locating the mole­
cule on Cartesian coordinates, the signs of the substituent 
groups leading to the sign of the Cotton effect with the 
maximum effect resulting from asymmetry at the carbon alpha 
to the osotriazole ring.
In obtaining the O.R.D. curves of the optically ac­
tive osotriazoles three different spectropolarimeters were 
employed and the following generalisations are made concern­
ing them. The Rudolph Spectropolarimeter gave quantitative 
results in the 600-300 mp region, but the absorption of the 
osotriazole ring system was too strong to allow data below 
300 mp. The Cary 60 Spectropolarimeter gave nearly quanti­
tative results for the strongly rotating compounds and was 
able to obtain data on all but the very weakly rotating, 
strongly absorbing compounds. The Eellingham-Stanley Spectro- 
polarimeter was able to obtain data on all of the osotri­
azoles, but the data were not quantitative and in any com­
parison only the sign and shape of the Cotton effects would 
be significant.
In an investigation of the solvent effect a compari­
son of the differences in magnitude of rotation with config­
uration in the Fischer projection indicated that the asymme­
tric center at C-3 dominates the sign of rotation and the 
further the asymmetric center from the aryl group the smaller 
is its effect !'on the rotatory power.11 The rotational 
strength of the asymmetric center at C-3 is greater than the 
total rotatory power of all the other asymmetric centers in 
the molecule. The stereochemistry of the hydroxyl groups in
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the Fischer projection coincides with the indicated signs of 
rotation as shown below:
Left Right
C - 3  -  +
C-h. +
C-5 +
This correlation between the stereochemistry of the 
optically active centers and the magnitude of rotation of 
the compound further indicates evidence of the existence of 
the additivity relationship in optical rotation. Although 
the symmetry of the RD curves allowed the correlation of 
the stereochemistry of secondary hydroxyl groups with strength 
of rotation, the attempt to establish absolute partial rota­
tional values from secondary hydroxyl groups at varying dis­
tances from a chromophoric group and in differing conforma­
tional environments will await more detailed analysis with 
instruments of higher resolution.
In a comparison of the solvent effects among pyridine, 
methanol, acetic acid and water the increasing order of in­
tensity of RD curves of the compounds in these solvents was 
as follows: water<  methanol = acetic acid <  pyridine. These
solvent effects are attributed to characteristic bathochromic 
shifts of the O.R.D. curves paralleling the change in solvent.
The data obtained from the long wavelength solvent 
study were analyzed using a one term Drude equation. The 
X0 values from the solution of the one term Drude equation 
did not agree with the values obtained experimentally. The 
data indicated that the optically active chromophores must
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have at least two major contributions of electronic pertur­
bation.
The conformations of the osotriazoles were analyzed 
by means of their IT.H.R. spectra. A comparison of D-glucose 
osotriazole (XI) and its tetraacetate LIII to that of D- 
glucose quinoxaline tetraacetate (LIV) which has been shown 
to possess a zig-zag conformation indicated that the acetyl­
ated osotriazole also possessed the zig-zag structure. It 
also indicated that the nonacetylated osotriazoles do not 
possess this conformation but in fact possess hydrogen bond­
ed structures. Further investigation of the N.H.P.. spectra 
of osotriazoles, both acetylated and nonacetylated as well 
as deoxy derivatives, may be rewarding by indicating the con­
formation of polyhydroxy side chains. This conformational 
analysis coupled with the sign of the Cotton effects could 





Melting Points. Melting points were determined using 
either a Hofler hot-stage melting point apparatus equipped 
with a polarizing microscope or with a Thomas-Hoover Unimelt 
capillary melting point apparatus and are corrected.
Infrared Absorption Spectra. The infrared absorption 
spectra were determined using a Perkin-Elmer Model 337 Infra­
red spectrophotometer. The position of the absorption bands 
is given in wavenumber units, cm.”-*-. The spectra were cali­
brated with a polystyrene film versus air standard with ab­
sorption bands at 2ff?l cm.”-, 1603 era.”-*- and 906 cm.”-*-. The 
spectra of liquids were determined as films, and the spectra 
of solids were determined as nulls in Halocarbon oil from 
lj.000 cm."-*- to 1300 cm,"-*- and in ITujol from 1300 cm.-1 to 6f?0 
cm.“l. Ualocarbon oil was purchased from Halocarbon Prod­
ucts Corp., Hackensack, Hew Jersey and Hujol from Plough, Inc., 
San Francisco, California.
Ultraviolet Absorption Spectra. The ultraviolet ab­
sorption spectra of the osotriazole products were determined, 
using a Perkin-Elmer Model lj.000 recording spectrophotometer 
or a Cary Model If? recording spectrophotometer. Those spectra 
determined on the Perkin-Elmer Model !;.000 are indicated by 
l'To.j( and. those determined on the Cary Model If? are indicated 
by Ho.-^. The spectra x-rere determined in 95m ethanol.
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Optical Rotatory Dispersion Data. The optical rota­
tory dispersion curves were determined on:
(a) Rudolph recording spectropolar imeter Yodel 260/655/050/ 
0lO-6lJi., using a 0.1 dcm. tube. Those curves determined on 
the Rudolph are indicated by Yo.^.
(b) Cary Yodel 60 recording spectropolarimeter standardised 
according to the data reported by Y. Tominatau and U. Gaffield, 
Biopolymers 3_, 509 (1965). Those curves determined on the Cary 
are indicated by Ko.^,.
(c) Bellingham and Stanley Bendix-Ericsson Spectropolarimeter 
"Polarmatic 62". These curves are indicated by ITo.^.
The solvent, concentration (g. per 100 ml. solution), 
and path length are indicated for each curve and the data are 
expressed as molecular rotations [j'J.
Yuclear Fagnetic Resonance Spectra. The nuclear mag­
netic resonance spectra were determined using a Yarian i'odel 
A-60 proton resonance spectrometer. The spectra mere obtained 
in a Yarian Associates micro cell, Bit Yo. 906733 using penta- 
deuteriopyridine as the solvent, which vjas obtained from Iso­
tropic products, Kerch Sharp C: Rohne of Canada Limited, Mon­
treal, Canada. The chemical shifts are given in p.p.m. rela­
tive to tetramethylsilane, an internal standard.
Gas Chromatographic Analysis Data. The gas chromato­
graphic analyses were determined on an Aerograph I-i. 90-PC, l5Lj. 
vapor fractometer using helium as the carrier gas. The column 
was a 5 ft. x in., 20/ SF-96, 60/90 mesh chro. F.
Analytical Data. Kicroanalyses were determined by 
Schwarzkopf Kicroanalytical Laboratory, Woodside, ITew York.
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2-Phenyl-2,1,3-Trlazole (XXV)
Glyoxal bis( Phenylhydrazone) (XXXIX). To 100 nil. of 
methyl cellosolve was added 67 ini. °f 3 Op aqueous glyoxal.
The solution was heated to 80°  and 150 ml. of phenylhydrazine 
was added and the mixture heated on a steam bath for 1 hr.
The red solution was cooled to room temperature, and 1000 ml. 
of ice water was added to it with stirring. The fine, yellow 
precipitate which was formed was separated by filtration, 
washed with cold water, and recrystallized from 95k ethanol 
yielding 62 p. (655) of glyoxal bis( phenylhydrazone ) (XXXIX) , 
m.p. 1°0°; l i t 6 m.p. 179-1^0°.
2-Thenyl-2,1,3-Trlazole (XXV). In a solution of 7 g. 
of copper sulfate pentahydrate and 350 ml. of water was sus­
pended 7 3* of glyoxal bis(phenylhydrazone) (XXXIX). The so­
lution was heated under reflux for 1.5 hr. and steam distilled. 
The distillate (yellow oil) was extracted with two 100 ml. por­
tions of ether. The ether layer was washed xd.th dilute hydro­
chloric acid to remove aniline, and the ether layer was dried
over sodium sulfate. The solution was concentrated to a yel­
low oil by removing the ether under reduced pressure. The 
oily residue thus obtained was purified by repeated vacuum dis­
tillation yielding 2.8 g. (62y) of 2-phenyl-2,1,3-triazole (XXV), 
b.p. 79° at approximately 12 mm.; l i t . b . p .  80° at 12 mm.
.The sample was analyzed by V.P.C. and showed only one peak.
U.V. Spectrum X o . ^ - ' X ^  265 mji, 2Il,32L;
^max. ^07 mp, €riax. 21,621 
I.R. Spectrum-Fig. I|_3 h.h.R. Values-Table XIV
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2-Phenyl-la-methanol-2,113-Triasole (XXIV)
2-Phenyl-l.i-formyl-2 .1.3-Triazole (XIII). A suspension 
of 0 .507'°' g. of 2-phenyl-li -(D-arabinose-tetrahydroxybutyl) - 
2,1,3-triazole (XI) in a mixture of 50 ml. of water and 15 ml. 
of O.L;26 I:, of aqueous sodium periodate solution ( 3 * 3 5  molec­
ular equivalents) was agitated at 25° for 2b. hr. The appear­
ance of the suspended crystals changed from that of long, fine 
needles to shorter and more thickened ones. The crystals were 
removed by filtration, washed well with cold water, and recry­
stallized from 50;3 ethanol-wator to yield 0.26 g. (765) of 2- 
phenyl-Ii.-formyl-2,1,3-triazole (XIII), m.p. 67-66°; lit.^2 rn.p. 
66-6?°.
2 - F he ny 1 -1| -m e t h. a no 1 - 2,1,3 -T r 1 a z o I e (XXIV). To a sus­
pension of 0.5 g* of lithium aluminum hydride in 50 ml. of 
dry ether was added 0.28 g. of 2-phenyl-Li.-fornyl osotriazole
(XIII). The reaction mixture was stirred until the reaction
aluminum
subsided and wet ether was added until all of the lithium^hy­
dride was destroyed. Several drops of water were added and 
the mixture stirred until all of the grey solid was replaced 
by white salts. The mixture was separated by filtration, and 
the ethereal solution was dried over sodium sulfate and. air 
concentrated to yield a solid residue. When recrystallized 
from hot carbon tetrachloride, the solution deposited on cool­
ing 0.25 g» (901) of 2-phenyl-I|.-methanol-2,1,3-triazole (XXIV),
m.p.. 6I4.-650 ; lit.J-S-7 61;.-65°.
U.V. Spectrum Vo., -~X 266 mp, p 18,21°?
-------1------- k max. cmax.
1.2. Spectrum-Fig. l;.k IT. 11.2. Values-Table XIV
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2-Phenyl-H-( D-ftlyceraldehyde -dlhydroxyethyl) -2,1,3-Triazole 
(XXIII).
Potato Oxystarch (XLIII). A colloidal suspension of 
k.5 g. of potato starch (XLII) and. 6.18 g. of sodium metaper- 
iodate was kept stirring in the dark for 1+8 hr. At the end 
of this time the insoluble oxystarch \ias separated by filtra­
tion and. washed ttfith water until free from periodate and to- 
date. The gelatinous solid was washed with absolute alcohol 
until a white powder was obtained. The powder was washed 
with ether and dried 'y passing air through the filter cake.
The yield was quantitative.
Phenylosazone of Potato Oxystarch (LV). A mixture of 
2.3 g. of potato oxystarch ..(XLIII) in 100 ml, of water was 
heated under reflux in 200 ml. of ethanol, 25 ml* of phenyl- 
hydrazine and 30 ml. of glacial acetic acid. Solution of the 
oxystarch took place in about 10 min. after which time the 
ethanol was removed under reduced pressure. To the remaining 
solution was added with rapid stirring 500 ml. of cold water 
producing a golden yellow precipitate. The precipitate was col 
lected by filtration and washed with 30 ml. portions of 10X 
acetic acid followed by two 50 ml. portions of cold water, 
yielding 3*5 of the phenylosazone (LV) which was used with­
out further purification in the following experiment.
D-Srythrose Qsazone (XXXVII). A solution of 2 g. of 
the crude potato oxystarch osazone (LV) was dissolved in 100 
ml. of benzene and absorbed on a 150 g. neutral alumina column. 
The column was eluted with 1 1. of ether or until the initial 
wide yellow band came off the column. The ether eluted the
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glyoxal osazone (XXXIX) and f  -acetyl phenylhyd.razine (XLIV) as 
one band. The column was washed free of the remaining solid 
with 95^ ethanol. The ethanol solution was concentrated un­
der reduced pressure and the erythrose osazone (XXXVII) was 
precipitated by the addition of water to the rapidly stirring 
solution. The yellow precipitate was collected by filtration 
and recrystallized from 60;.- ethanol-water yielding 0.L|.2 g. of 
D-erythrose phenylosazone (XXXVII), m.p. 175-177° j lit. ^ *-^6 
m.p. 175-177°.
2-Phenyl-1;.-( D-Glyceraldehyde -dlhydroxyethyl) -2,1,3- 
Triazole (XXIII). A suspension of 20 g. of the crude potato 
starch phenylosazone (LV) and If00 ml. of water was heated 
to boiling and a solution of 16.7 g. of copper sulfate penta- 
hydrate in 100 ml. of boiling water was added. After 30 min. 
of heating under reflux, the solution was allowed to cool to 
room temperature. The solution was set free of decomposition 
products by filtration, hydrogen sulfide was bubbled through 
the solution as long as a black precipitate continued to form. 
The black precipitate was separated by filtration leaving a 
yellow solution which was boiled with 20 g. of barium carbon­
ate until the solution was slightly basic to litmus. After 
cooling, the mixture was separated by filtration and the fil­
trate concentrated to a syrup under reduced pressure. The syr­
up was extracted with two 250 ml, portions of carbon tetra- " -■ 
chloride. The combined extracts of carbon tetrachloride were 
concentrated under reduced pressure and cooled for two hours 
under refrigeration. The white voluminous precipitate was 
dried on the filter. The solid was dissolved in hot isopropyl
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ether and n-hexane was added until the first sign of turbidity 
appeared. The solution was allotted to cool to room temperature 
and then refrigerated overnight. The white precipitate was 
separated by filtration and washed with two 25 ml. portions 
of n-hexane yielding 2.5 g. of D-erythrose osotriazole (XXIII), 
m.p. 61j.-65°.
Anal. Calcd. for C Hn N302 : C, 5n .53; II, 5.>iO; 
i:, 20.1-3. hound: C, 5°.10; II, £.23,* TT, 19.3-3.
U.V. Spectrum 269 mji, 20, Li 7 J
-> 200 mu, e 11', 117Ar-iax. *max#
I.R. Spectrum-Dlg. 55 IT. I j. R . V a lue s -T ab le XIV
0 .0 . D . S pe c t r um -P i ,g. 13 A l)f
2-rhenyl-l-}.-( D-Threose -tr ihydroxypropyl) -2,1,3 -Trlazole (XXII) 
.j-Xylose Phenylosazone (XXXVI). The D-xylose phenyl­
osazone (XXXVI) was obtained in a yield of 13.5 g* (62f)) upon
treatment of 10 g. of D-xylose by the method employed for the
preparation of D-glucose phenylosazone (X). The yellow solid 
melted at 162-165; lit.-" m.p. 163°.
2-Ihenyl-Ij.-( P-Threose -tr ihydroxypropy1) -2,1,3 -Tr iazole 
(XXII). A solution of 20.0 g. of D-xylose phenylosazone 
(XXXVI) and 16.7 g. of copper sulfate pentahydrate in 1200 ml. 
of water was heated to boiling under reflux for 30 min. The 
mixture was allowed to cool to room temperature and the fine 
red precipitate which had been deposited was separated by 
filtration. The copper still present in solution was pre­
cipitated as sulfide by passing in hydrogen sulfide, and the 
copper sulfide was separated by filtration. The solution was
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boiled with 15 ", of barium carbonate until it was neutral 
to litmus paper. The yellow filtrate from removal of the 
barium salt x>ras concentrated under reduced pressure to a 
volume of 25 ml• and allowed to stand in the refrigerator 
overnight. The precipitate thus formed was separated by 
filtration and recrystallized with seeding from warm ether 
yielding 5*8 g. (Ii-0/o) of D-xylose osotriazole (XXII), m.p. 
87-68.5°; l i t m . p .  86-89°.
U.V. Spectrum- I T o > 267 mu, C max> 20,239 
I.R. Spectrum-Fig. L}-7 U.T-I.R. Values-Table XIV
O.3.D. Spectrum.-Fig. 15
2-Fhenyl-!}.-( L-Erythrose-trihydroxypropyl) -2,1,3-Triazole (XXI-L) 
L-Arabinose Phenylosazone (X.XXV-L). A suspension of 
25 g. of L-arabinose in 100 ml. of freshly distilled methyl 
cellosolve and 32.5 ml. of glacial acetic acid was heated on 
a steam bath to 80° at which time 65 ml. of phenylhydrazine 
was added. Solution of the sugar took place almost immediate­
ly and a reddish solution developed during the next hour, af­
ter which the solution was poured into 1600 ml. of ice water 
with vigorous stirring. A voluminous yellow precipitate was 
obtained which was separated by filtration with suction and 
washed with two 50 ml. portions of lOy acetic acid and four 
100 ml. portions of cold water. The precipitate was separated 
by filtration, partially dried by passing air through it, and 
dissolved in 100 ml. of boiling ethanol. The hot solution 
vras filtered, cooled and the precipitate separated and washed 
with three 25 ml. portions of ice cold alcohol yielding 33 g.
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{60%) of L-arabinose phenylosazone (XXXV-L), m.p. 170-171°; 
lit.^° m.p. 171-172°.
2-Phenyl-lj -( L-Irythrose-trihydroxypropyl) -2,1,1 -Trl- 
azole (XXI-L). A suspension of 10 g. of L-arabinose phenyl­
osazone (XXXV-L) in 1000 ml. of water was heated to boiling 
and a solution of 8.1|. g. of copper sulfate pentahydrate in 
100 ml. of boiling water added. A cherry red. color develop­
ed at once and after 15 min. heating under reflux the color 
changed to green, at which time all of the osazone was dis­
solved and the fine red precipitate had settled. Heating 
was continued for an additional 15 min. and the mixture was 
cooled and separated by filtration. The copper still present 
in solution was removed as sulfide and the filtrate was neu­
tralized with 10 g, of barium carbonate and again filtered.
The solution was concentrated on a rotary evaporator to a sy­
rup which was dried by three successive evaporations with ab­
solute alcohol. A solution of the syrup in 28 ml. of warm 
chloroform was filtered to remove a small amount of insoluble 
material and diluted just to turbidity with a 707 mixture of 
dry ether and hexane. The solution was cooled at room tem­
perature for several hours without disturbance, scratched to 
induce precipitation, and cooled in the refrigerator overnight. 
The dark colored precipitate was separated by filtration and 
recrystallized from ether yielding 5 g. (J0%) of L-arabinose 
osotriazole (XXI-L), m.p. 65-60.5°; lit.“2 m.p. 69-70°.
—  V* Spectrum No.,|-Xn,aV| 266 my, *max> 19,027
1.3. Spectrum-Fig. Ip6 N.ii.3. Values-Table XIV
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2-Phenyl-li-(D-Lyxose-tetrahydroxybutyl)-2>l>3-Triazole (XX) 
D-Galactose Phenylosazone (XXXIV). The D-galactose 
phenylosazone (XXXIV) was obtained in a yield of 20 g. (60p) 
upon treatment of 10 g. of D-galactose by the method employed 
for the preparation of D-glucose phenylosazone (X). The yel­
low solid melted at 201-202°; lit.1!8 m.p. 201°.
(X X ). A solution of 20.0 g. of D-galactose phenylosazone 
(XXXIV) and 1^ .1| g. of copper sulfate pentahydrate in 1200 ml. 
of water was heated under reflux for 1 hr. The precipitate 
was separated by filtration and the solution allowed to cool 
to room temperature. Hydrogen sulfide was bubbled through the 
solution until no more black precipitate was formed. The pre­
cipitate was separated by filtration leaving a yellow solution 
which was neutralized by boiling with 13> g. of barium carbon­
ate until the solution tested neutral or slightly basic to pH 
paper. After cooling the solution was filtered and concen­
trated to a syrup under reduced pressure. The syrup was ex­
tracted with warm chloroform until no further color appeared 
in the chloroform layer. After cooling the precipitate was 
separated by filtration, and the mother liquid concentrated 
to half of its original volume and refrigerated overnight.
The precipitate was again separated and the two fractions com­
bined giving 7 Z» (^7w) of D-galactose osotriazole (XX), m.p.
2-Phenyl-If-( D-Lyxose-tetrahydroxybutyl) -2,1,3-Triazole
108-109°; lit.’-'9 m.p. 110-111°.
Spectrum Ho
).{. ''max 266 rn i^, max
I.R« Spectrum-Fig. lp° R. Values-Table XIV
O.R.D. Spectrum-Fig. 17 A 18
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2-Phenyl-If ( D-Lyxose-tetraacetoxybutyl) -2,1,3-Trlazole (XLVI) 
2-Phenyl-k-( D-Lyxose-tetraacetoxybutyl) -2,1,. 3-Trlazole 
(XLVI). To a solution of 0.2 g. of phenyl D-galactose osotri­
azole (XX) in 2.5 ml. of pyridine was added 2.5 ml. of acetic 
anhydride. The acetylation was allowed to proceed with stir­
ring at 20° for kp hr. The mixture was extracted with chloro­
form and the water-washed extract was dried over calcium chlor­
ide. The solution was concentrated in a stream of air to a 
semicrystalline material vrhich was dissolved in hot dioxane 
and sufficient water was added to induce turbidity. The tur­
bid solution was allowed to stand overnight at room tempera­
ture during which time crystallization began. The white, pre­
cipitate was filtered and dried, yielding 0.3 g. (925) of the 
tetraacetate XLVI, m.p. 10l|-105°j lit.-'°: m.p. 105-106°.
U.V. Spectrum 26k n}i, 6-iax> 22,070 ;
*max. ^max. ^f>2kl
1.2. Spectrum-Plg. kc. O. R. D.  S p e c t r u m - F i g . 19.
2-Phenyl-lj -( L-Xylose-tetrahydroxybutyl) -2,1,3-Trlazole (XIX-L) 
L-Sorbose Phenylosazone (XX.XIII-L). The L-sorbose 
phenylosazone (XXXIII-L) vias obtained in a yield of 11.2 g. 
(565) upon treatment of 10 g. of L-sorbose by the method em­
ployed for the preparation of D-glucose phenylosazone (X).
The yellow solid melted at 162-163°; lit.^ m.p. l6r°.
2-?henyl-k-(L-Xylose-tetrahydroxybutyl) -2,1,3-Triazole 
(XIX-L). A suspension of 10 g. of sorbose phenylosazone 
(XXXIII-L) in a solution of 7.7 g. of copper sulfate pentahy­
drate in 1200 ml. of water was heated to boilinr? under reflux.
81
Solution of the osazone and the concurrent development of a 
red color occurred in 10 min. Shortly thereafter a fine, red 
precipitate was deposited from the solution and, after 30 min. 
additional heating, it was separated by filtration. The solu­
tion was allowed to cool to room temperature, and hydrogen 
sulfide was bubbled through the solution as long as a black 
precipitate continued to form. The black precipitate was sep­
arated by filtration leaving a yellow solution which was neu­
tralized by boiling for 1< min. with 10 g. of barium carbonate 
or until the solution tested neutral to pH paper. After cool­
ing the mixture was separated by filtration and the filtrate 
concentrated to a syrup under reduced pressure. The syrup was 
extracted with hot ethyl acetate until no further color appear­
ed in the ethyl acetate layer. After cooling the solution was 
filtered and the mother liquid was concentrated to half of its 
volume and cooled. The precipitate was again separated and 
the two fractions combined giving j,0 g. (l|.0h) of XIX-L, m.p.
131-132°; lit A 9 m.p. I3n--139°.
U.V. Spectrum h o . ^ - A , ^  263 np, 18,2.12
I.R. Spectrum-rig. 3° li.K.R. Values-Table' XIV
C.H. . Spectrun-Tlg. 20
2-rhenyl-b-(L-Arabinose-tetrahydroxybutyl)-2,1,3-Trlazole (XI) 
D-Glucose Phenylosazone (X). A mixture of 10.0 g. of 
D-glucose, 20.0 g. of phenylhydrazine hydrochloride, 23 ml. 
of a saturated solution of sodium bisulfite, 30 g. of crystal­
line sodium acetate and 200 ml. of distilled water was heated 
with stirring on a steam bath for 0.3 hr. The precipitate was
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separated by filtration and washed well with cold water. The 
mother liquor was returned to the flask and heated for several 
hours. The mixture was cooled for 1 hr., separated by filtra­
tion and the precipitate washed with water. The combined sol­
ids were recrystallized from 60%  ethanol-water and yielded 25 
g« (75$) of D-glucose phenylosazone (X), m.p. 208° (dec.); 
lit.^2 m .p . 208° (dec.).
2-Phenyl-!}.-( D-Arabinose-tetrahydroxybutyl)-2,1,3- 
Triazole (XI). To a solution of 180 ml. of water and 10 ml. 
of 0.5 N sulfuric acid, 6.0 g. of copper sulfate pentahydrate, 
120 ml. of isopropyl alcohol and 2 g. of powdered D-glucose 
phenylosazone (X) were added. The mixture was refluxed for 
1 hr. The osazone dissolved after 15 min. and the solution 
became a deep red which in the next half hour changed to 
green and finally to a yellowish green. The red precipitate 
was separated by filtration and the solution concentrated un­
der reduced pressure to a volume of 50 ml. during which a tan 
precipitate crystallized. The solution was cooled for 3 hr. 
and the tan precipitate separated and washed. The precipitate 
was dissolved in hot water, decolorized with norite, and the 
mixture separated by filtration and the filtrate cooled over­
night. The long white needles of pure D-glucose osotriazole 
(XI), 300 mg. ( 2 0 % ) , were separated and dried, m.p. 193-193.5°; 
lit.22 m.p. 195-196°.
^■vj!...Sp,ectrum-No ^  267 mji, 2 k , k $ 0
I.R. Spectrum-Fig. 51 iT.M.R. Values-Table XIV
O.R.D. Spectrum-Fig. 21
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2-Phenyl-l.!.-(D-Arabino-tetraacetoxybutyl) -2^ 1,3-Triazole (LIII)
2-Phenyl-L|.-(D-Arabino-tetraacetoxybutyl) -2,1,3-Triazole 
(LIII). The D-glucose osotriazole tetraacetate (LIII) was ob­
tained in quantitative yield upon treatment of 0.6 g. of D- 
glucose osotriazole (XI) by the method employed for the pre­
paration of D-galactose osotriazole tetraacetate (XLVI). The 
white solid which was recrystallized from methanol melted at 
81-82°; lit.22 m.p. 81-82°.
X.L.8. Values-Table VI
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Fig. 13. Optical Rotatory Dispersion Curve of D-Erythrose 
Osotriazole (XXIII). The curve was obtained from 








Fig. lij. Optical Rotatory Dispersion Curve of D-Frythrose 
Osotriazole (XXIII). The curve was obtained from 












Fig. 15. Optical Rotatory Dispersion Curve of D-Xylose Oso­
triazole (XXII). The curve was obtained from the 













Pig. 16. Optical Rotatory Dispersion Curve of L-Arabinose 
Osotriazole (XXI-L). The curve was obtained from 





W avelength , mji
Pig. 17. Optical Rotatory Dispersion Curve of D-C-alactose
Osotriazole (XX). The curve was obtained from the 





Vlave l e n g th ,  rryi
200 300
ig. 18. Optical Rotatory Dispersion Curve of D-G-alactose 
Osotriazole (XX). The curve v;as obtained from 











Fig. 19. Optical Rotatory Dispersion Curve of D-C-alactose 
Tetraacetate Osotriazole (XLVX). The curve xcas 







Fig. 20. Optical Rotatory Dispersion Curve of L-Sorbose Oso­
triazole (XIX-L). The curve was obtained from the 










-ig• 21. Optical Rotatory Dispersion Curve of D-Olucose Oso­
triazole (XI). The curve was obtained from the 








Fig. 22. Optical P.otatory Dispersion Curves of D-Erythrose 
Osotriazole (XXIII) obtained from the Cary 60 (C) 
and the Bellingham-Stanley (ES) using methanol as 









Pig. 2 3 .  Optical Rotatory Dispersion Curves of D-G-alactose 
Osotriazole (XX) obtained from the Cary 60 (C) and 












Pig. 21+ • Optical Rotatory Dispersion Curves of D-Galactose 
Osotriazole (XX) obtained from the Cary 60 (C) and 
the Bellingham-Stanley (BS) and D-Galactose Osotri­
azole Tetraacetate (XLVI) obtained from the Cary 60. 
Methanol was employed as the solvent. (Table VIII)















Fig. 25. RD Curves of D-3rythrose Osotriazole (XXIII), L- 
Srythrose Osotriazole (XXIII-L), D-Xylose Osotri­
azole (XXII) and L-Arabinose Osotriazole (XXI-L). 
The curves were obtained from the Rudolph Instru­












Fig. .26. RD Curves of D-Glucose Osotriazole (XI), L-Sorbose 
Osotriazole (XIX-L), D-Galactose Osotriazole (XX) 
and D-Galactose Osotriazole Tetraacetate (XLVI). 
-The curves were obtained from the Rudolph instru­















Fig. 2?. RD Curves of D-Erythrose Osotriazole (XXIII), L-
Arabinose Osotriazole (XXI-L), D-Galactose Osotri­
azole (XX), L-Erythrose Osotriazole (XXIII-L), L- 
Sorbose Osotriazole (XIX-L), D-Xylose Osotriazole 
(XXII) and D-Glucose Osotriazole (XI). The curves 
were obtained from the Rudolph instrument using 
pyridine as the solvent. (Table IXa & b)












Pig. 28. RD Curves of L-Erythrose Osotriazole (XXIII-L), L- 
Arabinose Osotriazole (XXI-L), and D-Xylose Osotri­
azole (XXII). The curves were obtained from the 
















■Pnig. 29. PJD Curves of D-C-alactose Osotriazole (XX), L-Sorbose 
Osotriazole (XIX-L), D-Galactose Osotriazole Tetra­
acetate (XLVI) and D-Glucose Osotriazole (XI). The 
curves were obtained from the Rudolph instrument us­









Fig. 30. RD Curves of L-Arabinose Osotriazole (XXI-L), P- 
Galactose Osotriazole (XX), L-Sorbose Osotriazole 
(XIX-L), L-Erythrose Osotriazole (XXIII-L), D-Xy­
lose Osotriazole (XXII) and D-Glucose Osotriazole 
(XI). The curves were obtained from the Rudolph 










Fig. 31* RD Curves of D-Erythrose Osotriazole (XXIII), L-
Arabinose Osotriazole (XXI-L), L-Erythrose Osotri­
azole (XXIII-L) and D-Xylose Osotriazole (XXII).
The curves were obtained from the Rudolph instru­












Figo 32. RD Curves of D-Glucose Osotriazole (XI), L-Sorbose 
Osotriazole (XIX-L), D-C-alactose Osotriazole (XX) 
and D-Galactose Osotriazole Tetraacetate (XLVI). 
The curves were obtained from the Rudolph instru­

















Fig. 33. RD Curves of D-Erythrose Osotriazole (XXIII), L—
Arabinose Osotriazole (XXI-L), D-Galactose Osotri­
azole (XX), L-Sorbose Osotriazole (XIX-L), L-Ery­
throse Osotriazole (XXIII-L), D-Xylose Osotriazole 
(XXII) and D-Glucose Osotriazole (XI). The curves 
were obtained from the Rudolph instrument using 










Wave le ngth, rap.
600
Pig. 3k-» HD Curves of D-Erythrose Osotriazole (XXIII), L-
Arabinose Osotriazole (XXI-L), L-Erythrose Osotri­
azole (XXIII-L) and D-Xylose Osotriazole (XXII). 
The curves x^ere obtained from the Rudolph instru­
ment using water-as the solvent. (Table Xlla)
106
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Fig. 35 • RD Curves of D-Galactose Osotriazole (XX), L— Sorbose 
Osotriazole (XIX-L) and D-Clucose Osotriazole (XI). 
The curves were obtained from the Rudolph instrument 






Fig. 3^. RD Curves of D-Olucose Osotriazole (XI)'. The curves
were obtained from the Rudolph instrument using acetic
•acid' ■ (----— ), methanol (------ ), and pyridine (— r— ■)
as the solvents. (Table IXb, Xb, Xlb, & Xllb)
108













Fig* 37* RD Curves of L-3orbose Osotriazole (XIX-L). The 
curves were obtained from the Rudolph Instrument
using pyridine (— --- ), methanol (-------), acetic
acid (-------) and water (-------) as the solvents.






Fig. 32. RD Curves of D-Galactose Osotriazole (XX). 'The 
curves were obtained from the Rudolph instrument 
using pyridine ( ), methanol (-------), ace­
tic acid (-------) and-water ( ).-- (Tables






Wave le ng t h , mp.
600
Pig* 39. RD Curves of D-Galactose Osotriazole Tetraacetate 
(XLVI). The curves were obtained from the Rudolph
instrument using pyridine (—  -- ), methanol (------)









Fig. i|.0* HD Curves of L-Arabinose Osotriazole (XXI-L). The 
curves were obtained from the Rudolph instrument
using pyridine (------), methanol (— ----), acetic









Pig. Ij-1. RD Curves of D-Xylose Osotriazole (XXII). The curves 
were obtained from the Rudolph instrument using
pyridine ( ), methanol ( ), acetic acid










Fig. 1|2. RD Curves of L-Erythrose Osotriazole (XXIII-L).
The curves were obtained from the Rudolph instru­
ment using pyridine (--  ■— ), methanol (-------),
acetic acid (------) and water (------- ). (Tables
IXa, Xa, XIa, & Xlla)
OPTICAL ROTATORY DISPERSION DATA
TABLE VIII
Osotriazole of:



















O ^  ^2 ^ o -3900

























































































0 .1  dcm. 0 .1  1:1cm.
Cary 60 Cary 60
A(mu) Cm] A(mu) Cm]
350 -23b 350 -5 (39
oGCM -1012 325 -892
285 -n 5 5 205 -2117
256 0 21b 0
23k +1036 270 +1650
227 0 262.;. + 1303











0 .0 0 3
I.ethanol lie thano 1
0 .1 dcm.
H.O dcm.
Cary 60 Cary 60
A (mu) Cm J A (mu) Cm ]
350 _<ooS'' 310 -1128
325 -917 300 0CM
C
OCM1
285 -3108 286 -7 3 6 0
271 0 263 0
255 +3768 255 +12150
250 + 2828 250 +11600
235 +3676 235 +12260





SOLVENT STUDY ROTATORY DISPERSION DATA
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TABLE IXa
E.D. Data for D-Erythrose Osotriazole (XXIII), D-Xylose Oso­
triazole (XXII) and L-Arabinose Osotriazole (XXI-L) in Pyridine
Osotriazole of: D-Erythrose D-Xylose L-Arabinose
(XXIII) (XXII) (XXI-L)
Molecular Weight: 205 235 235
Concentration: 0.5265 .O.[ir000 0.1x005
(g/lOOml)
Path Length: 0.1 dcm. 0.1 clem. 0.1 dcm*
Temperature: 22.7° 22.7° 2.2,7°
,(r<yi) (+) 0 0 (-) 0 0 (-) 0:
600 105 135 76
509 109 11+7 76
53o 117 159 82
575-"- 118 162 82
570 121 165 82
560 129 170 Pr\
550 132 i e ° 9l+
51+o 11+0 200 100
530 11+8 212 100
525-- 150 218 100
520 152 221+ 100
5 io 161+ 21+0 106
5oo 171 21+7 106
1+90 179 270 117
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TABLE IXa Cont.
Osotriazole of: D-Erythrose D-Xylose L-Arabinose
(XXIII) (XXII) (XXI-L)
A(rau)__________ .. ( + ) 0 3  ( - )  Cl-Q_______ ( - )  DO
I4.8O 195 282 117
1+75-::- 200 290 123
2+70 207 300  123
I4.6O 213 329 129
b£0 23k 353 135
-"i'Tot included in Drude equation solvent study
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TABLE IXb
R.D. Data for D-Galactose Osotriazole (XX), L-Sorbose Osotri­
azole (XIX-L) and D-Glucose Osotriazole (XI) in Pyridine
Osotriazole of: D-Galactose L-Sorbose D-Glucose
(XX) (XIX-L) (XI)
Molecular Weight: 265 265 265
Concentration: 0.363 0.I|.005 O .3876
(g/lOOml)
Path Length: 0.1 dcm. 0.1 dcm. 0.1 dcm.
Temperature: 22° 22.9° 23°
(mu) (-) 03 (-) 03 (-) O
600 73 126 205
589 88 133 219
580 95 139 232
575- 97 111-3 239
570 102 II16 2I4.6
560 110 153 260
550 117 159 273
5I1.0 12k- 172 280
530 131 179 287
525“ 135 185 295
520 139 193 301
510 U4.6 199 321
500 153 212 3 h i
- [90 161 225 362
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TABLE IXb Cont.
Osotriazole of: D-Galactose L-Sorbose D-Glucose
(XX) (XIX-L) (XI)
\  (rap.) (-) [h] (-) D O  (-) D O
14.80 175 230 390
k 7 $ * 180 2l|£ 1400
k-70 183' 2^1 I+IO
I4.6O 190 271 h 3 7
450 20hr 292 1472
-Hot included in Drude equation solvent study
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TABLE Xa
R.D. Data for D-Erythrose Osotriazole (XXIII), D-Xylose Oso­
triazole (XXII) and L-Arabinose Osotriazole (XXI-L) in methanol
Osotriazole of: D-Erythrose D-Xylose L-Arabinose
(XXIII) (XXII) (XXI-L)
Molecular Weight: 205 235 235
Concentration: 0.230 0 • lfl+5 0J..|.9
(g/lOOml)
length: 0.1 dcm. 0.1 dcm. 0.1 dc
■ature: 22° 26° 26°
(mja) (+) D 3 (-) D-3 (-) Cl
600 110 106 86
539 117 106 86
530 117 106 36
575- 117 106 86
570 117 106 86
56o 132 111 86
55o 132 116 111'}.
5l+o 132 127 111'}.
530 139 137 111+
525- 139 11+8 12l+




500 151+ 180 133
1+90 161 190 11+3
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TABLE Xa Cont.
Osotriazole of: D-Erythrose '.''-Xylose L-Arabinose
(XXIII) (XXII) (XXI-L)
A(mn) ( + ) P_J______(-) f 3______( -) DO
480 168 195 152
475- i_
i •hi vn 211 153
470 183 211 157
46o 190 222 167
450 205 242 172
-::-ITot included in Drude equation solvent study
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TABLE Xb
R.D. Data for D-Galactose Osotriazole (XX), L—Sorbose Osotri­
azole (XIX-L) and D-Glucose Osotriazole (XI) in Methanol
Osotriazole of: D-Galactose L-Sorbose D-Glucose
(XX) (XIX-L) (XI)
Molecular Weight: 265 265 265
Concentration: 0.519 0.562 0.1|93
(g/lOOml)
Path Length: 0.1 dcm. 0.1 dcm. 0.1 dcm.
Temperature: 28° 28° 28°
.(m) ............. ( - )  DO ( - )  0-0 . ( - )  r
600 92 99 lb-0
589 102 99 ik o
580 102 108 150
5 7 5 - 112 108 i 5 i
570 112 108 lliO
560 112 108 1I4.0
55o 112 113 161
5^o 112 113 161
530 112 118 161
5 2 5 - 112 118 161
520 117 118 172
5 io 138 122 193
5oo l i |2 132 215
14-90 111 2 l k l 225
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TABLE Xb Cont.
Osotriazole of: D-Galactose L-Sorbose D-Glucose
(XX) (XIX-L) (XI)
TUroi)__________(-) DO (-)_DO______(-) DO
580 163 151 226
575* 1714- 160 231
570 163 165 236
11-60 168 175 258
li-5o 175 188 290
---Hot included in Druae equation solvent study
12k
TABLE XIa
R.D. Data Tor D-ICrythrose Osotriazole (XXIiI), D-Xylose 0s>











Path Length: 0.1 dcm. 0*1 dcm. 0.1 dcm.
Temperature: 2L'° 22.2° 22.2°
A  (mu) (■*4 D O (-) DO (-) DO
600 81 110 25
589 84 115 25
580 90 120 30
575- 90 125 30
570 93 130 30
560 93 136 35
550 99 141 39
54o 99 146 50
530 102 151 50
525* 102 155 50
520 105 157 5 4
5 io 115 162 5 4
500 321 172 69
490 133 193 79
12$
TABLE XIa Cont.
Osotriazole of: D-Erythrose D-Xylose L-Arabinose
(XXIII) C a n )  (XXI-L)
A(.mu)__________(■*■) DO_____ ■-L.CrJ______(-) fi-0
1.80 ll+O 198 79
11+0 201+ 85
1+70 H+9 209 89
14-60 161 219 %
l+£o 171 m 235 l l l .i
included in Crude equation solvent study
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TABLE Xlb
E.D. Data for D-Galactose Osotriazole (XX), L-Sorbose Osotri­
azole (XIX-L) and D-Glucose Osotriazole (XI) in Acetic Acid
Osotriazole of: D-Galactose L-Sorbose D-Glucose
(XX) (XIX-L) (XI)
Molecular Meight: 265 265 265
Concentration: 0 .5 1 0  0.1+86 0.11+9
(g/lOOml)
Path Length: 0.1 dcm. 0.1 dcm. 0.1 dcm.
Temperature: 22.2° 22.2° 22.2°
Xim)_________ (-) DO_____ (-) DO______(-) Oil
600 73 98 121+
589 88 120 121+
580 101+ 120 121+
5 7 5 * 107 125 12k
570 109 125 12) i.
560 135 125 12k
550 135 130 160
5J+o 135 130 160
530 135 136 160
5 2 5 * 135 13* 175
520 135 ll|.l 178
5io 11+0 11+7 213
5oo il+5 152 213
1+90 151 158 213
127
TABLE Xlb Gont.
Osotriazole of: D-Galactose L-Sorbose D-Glucose
(XX) (XIX-L) (XI)
A (m n) (-0 m (-) M .(-) D a
Ij-30 156 179 zh9
kl5* 156 185 258
kio 161 190 267
I4.60 182 196 302
203 206 302
*Not Included in Drude equation solvent study
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TABLE XIla
R.D. Data for D-Erythrose Osotriaz ole (XIIII), D-Xylose Oso-
triazole (XXII) and L-Arabinose Osotriazole (X-II-L) In Water
Osotriazole of: D-Erythrose





1m' o 1 e c ul ar V/eight: 205 235 235
Concentration: 
(g/lOOml)
0 .3 9 5 0 .4 7 7 5 0.4625
Path Length: 0.1 dcm. 0,1 dcm. 0,1 dcm.
Temperature: 2 3 .2 ° 23° 23°
X(mja) («-) 0 0 ( - )  DO (-) 0 0
600 62 74 41
5 8 9 67 74 5 1
580 7 2  . 93 56
5 7 5 * 78 93) 61
570 78 93 71
560 78 98 71
550 78 98 76
524-0 78 98 76
530 78 98 76
5 2 5 * 83 98 76
520 83 98 81
5 io 83: 103 86
5oo 93. 103. 9 1
490 104 103: 97
TABLE XIla Cont.
Osotriazole of: D-Erythrose D-Xylose L-Arabinose
(XXIII) (XXII) (XXI-L)
-  Mm) ____________ (+) Cifl_______ ( - )  M _______ ( - )  DO
U.80 109 113 107
ij.75* 118 107
470 119 118 12:
1+60 130 128 117
450 140 137 127
included in Drude equation solvent study
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TABLE Xllb
R.D* Data for D-Galactose Osotriazole (XX), L-Sorbose Osotri­
azole (XIX-L) and D-Glucose Osotriazole (XI) in Water
Osotriazole of: D-Galactose L-Sorbose D-Glucose
(XX) (XIX-L) (XI)
Molecular Weight: 265 265 265
Concentration: 0.386 0.3765 0.0072
(g/lOOml)
Path Length: 0.1 dcm. 0.1 dcm. 0.1 dcm.
Temperature: 23° 23.5° 22°
X(rm)_________ (-) DO______(-) D-3_____ (-) Cm]
600 82 81+ 181}.
589 82 81+ 221
580 89 92 181}.
5 7 5 * 89 92 181+
570 do • / 92 181}.
560 96 92 181+
550 103 106 188
51+0 110 106 221
530 110 106 221
5 2 5 * 110 106 221
520 110 113 221
5 io 117 127 221
5oo 117 127 221
1+90 117 127 221
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TABLE XIIB Cont.
Osotriazole of: D-Galactose L-Sorbose D-Glucose
(XX) (XIX-L) (XI)
X(mu) (-) M (-) Cm3 (-)
1|.80 117 127 221
k-15* 117 llil 221
kio 12br lbrl 29h
Lj-60 130 lb.1 29U-
l£ o 130 lli.1 293
-”-!Tot included in Drucle equation solvent study
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TABLE XIII
R. D. Data for D-Galactose Osotriazole Tetraacetate (XLVI) 














Solvent: Methanol Pyridine Acetic Acid




X (mu) (-) TM] (-) [M] (-) [M]
600 102 106 129
589 102 121 136
580 102 121 142
575* 102 128 155
570 115 142 155
560 128 156 174
550 153 156 168
540 166 163 174 .
530 166 174 177
525* 166 185 187
520 166 192 187
510 166 213 194
500 179 213 207
490 179 241 220
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TABIE XXII Cont.
Solvent: Methanol Pyridine Acetic Acid
X  ( 'an) ( - )  DU ( - )  D 3 _____ JO-
1+80 179 263 226
1+75* 192 270 233
1+70 201). 298 ' 21+5
1+60 217 3 12 2$2
1+50 230 333 278
-::-Mot included in Drude equation solvent study
NUCLEAR MAGNETIC RESONANCE DATA
TABLE XIV
1T.M.R. Spectral Data of the Aldo Sugar Family Osotriazole Derivatives in Pyridine
















C-l 1.65 1 s 1.67 1 s














C-6 5.31 2 m 5.61 2 m
















C-l 1.73 1 s 1.65 1 s
C-3 1+.27 1 d.
J3 A ’7-5

















C-6 5.70 2 m 1-j




M.M.R. Spectral Data of the Aldo Sugar Family Osotriazole Derivatives in Pyridine
















C-l 1.68 1 s 2.19 1 s
C-3 k-32 1 d J3,li=3*6 ll.95
1 d
J3 , r 5 -5
C-Ij. 1
4
X Jo i =3.6 6.08 2 d
J3.irs -5
C-5 5.72 2 m Jh ^=li.5
jt h - 6
















C-l 1.89 1 s 2.09 2 s
C-3 ll.90 2 s
aMult., Multiplicity; d, doublet; m, multiplet; q, quartet; s, singlet; t, triplet; x, sextet.
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